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STUDY  OF  SUBMARINE  CASUALTY  CONTROL  TRAINING 


ABSTRACT 


The  increasing  complexity  of  the  modern  submarine  has  placed  new  de¬ 
mands  on  ship  personnel  and  has  become  a  subject  of  increasing  concern 
to  people  responsible  for  the  selection  of  training  approaches  and  the  de¬ 
sign  of  training  devices.  The  purpose  of  the  study  reported  herein  is  to 
aid  in  the  development  of  more  effective  methods  of  submarine  casualty 
control  training  and  to  ensure  correct  simulated  environment  for  future 
training. 

The  study  consisted  of  a  human  factors  engineering  examination  of  sub¬ 
marine  casualties  to  identify  critical  ^.actors  in  casualty  control  and 
emergency  procedures,  to  determine  emergency  procedure  skill  be¬ 
haviors,  and  to  indicate  optimum  means  for  training  these  skills.  Addi¬ 
tional  study  requirements  consisted  of  developing  functional  trainer 
characteristics  for  casualty  control  trainers,  simulation  tradeoff  con¬ 
siderations,  and  research  into  generalized  training. 

Primary  study  steps  were  to  identify,  define,  and  classify  casualties. 
These  steps  provided  a  study  baseline  for  determining  submarine  per¬ 
sonnel  casualty  control  responsibilities,  skills,  and  knowledges.  Uti¬ 
lization  of  those  data  enabled  the  investigators  to  define  critical  factors 
for  casualty  control  and  casualty  training  requirements. 

Subsequently,  a  three-step  training  methods  analysis  was  performed 
leading  to  the  determination  of  the  required  functional  characteristics 
of  new  training  devices;  first,  define  and  determine  objectives  for  basic, 
intermediate/refresher,  and  advanced  training  levels;  second,  define 
and  discuss  alternate  training  approaches,  including  classroom  aids, 
films,  demonstration  trainers,  procedural  trainers,  generalized  dy¬ 
namic  trainers,  and  high-fidelity  dynamic  trainers;  third,  the  actual 
methods  analysis,  correlate  the  casualty  control  training  requirements 
with  training  levels  and  methods. 

Research  into  the  feasibility  of  basic  generalized  casualty  control  train¬ 
ing  included  investigations  regarding  training  on  different  levels,  be¬ 
havior  skills  to  be  trained,  present  personnel  ship  assignment  and  train¬ 
ing  practices,  and  considerable  study  into  transfer  of  training  research. 

The  study  confirmed  previous  research  and  opinions  that  plane  failures 
and  flooding  are  the  most  critical  of  the  casualties  to  be  trained.  Criti¬ 
cal  factors  for  recovery  and  skill  behaviors  to  be  trained  were  identified. 
These  factors  (1)  emphasize  immediate  detection  and  automatized  (im¬ 
mediate)  emergency  response;  add  as  critical  requirements  for  team 
training,  judgments  by  the  Officer  of  the  Deck  (OOD)  and  the  upgrading 
of  enlisted  men  to  stand  Diving  Officer  (DO)  and  Ballast  Control  Panel 
(BCP)  Watches;  (3)  emphasize  the  need  for  programs  of  standardized  al¬ 
ternate  recovery  actions  and  guidelines  related  to  depth  and  speed  bands; 
and  (4)  emphasise  the  need  for  adjustment  of  recovery  action  to  oper¬ 
ational  requirements,  such  as  the  tactical  situation  and  concealment  by 
noiseless  submerged  running  for  as  long  as  possible. 
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The  recommendations  that  grew  out  of  the  study  include,  first,  those 
generated  in  direct  response  to  the  study  requirements  and,  second, 
those  developed  for  other  related  needs,  which  were  suggested  during 
the  course  of  the  study.  The  recommendations  in  the  first  group  in¬ 
clude  characteristics  of  high-fidelity  dynamic  ship  control  trainers  for 
SSN's  and  SSBN's,  respectively;  a  flooding  demonstration  trainer;  a 
communications  trainer;  and  a  BCP  emergency  procedures  trainer. 

The  recommendations  in  the  second  group  include  the  use  of  basic  gen¬ 
eralized  dynamic  ship  control  trainers  {for  example.  Device  21B56A), 
a  training  course  for  upgrading  nonline  officers  and  enlisted  men  to 
stand  the  DO  watch,  the  establishment  of  standardized  casualty  recov¬ 
ery  procedures  and  guidelines  (including  standardized  flooding  classi¬ 
fication  and  reaction),  the  development  of  recoverability  data  for  less 
than  "worst  case"  casualties,  and  an  additional  study  effort  on  damage 
control  training  approaches. 
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FOREWORD 


This  document  presents  an  intensive  analysis  of  submarine  casualty 
and  emergency  problems  and  control  procedures.  It  identifies  and  ex¬ 
amines  the  critical  factors  in  terms  of  (1)  responsiveness  to  training, 

(2)  optimum  means  for  developing  necessary  skills,  (3)  levels  of  re¬ 
alism  needed  to  ensure  adequate  transfer  from  simulated  to  operational 
tasks,  and  (4)  potential  for  generalized  approaches  covering  a  variety  of 
ships  for  basic,  intermediate,  and  advanced  training.  The  data  and  in¬ 
formation  were  assembled  from  sources  knowledgeable  in  the  diverse 
aspects  of  submarine  emergencies  and  represent  advanced  documenta¬ 
tion,  inquiry,  and  judgment. 

The  study  was  a  joint  human  factors  and  engineering  effort  covering 
the  behaviors  involved  and  the  equipment  proposed  for  training.  The 
recommendations  for  approaches  and  devices  embody  the  global  aspect 
of  effective  skill  attainment.  Hopefully,  submarine  officers  and  crews 
will  further  benefit  by  scanning  the  compendium  of  data  incorporated 
in  the  body  and  appendixes  of  the  report. 

At  the  outset  it  was  recognized  that  casualty  control  could  be  differen¬ 
tiated  from  damage  control  for  purposes  of  study  priority,  but  that  the 
two  are  interrelated.  The  next  phase  of  this  research  will  deal  with 
damage  control,  with  particular  emphasis  on  the  requirements  for 
training  in  flooding  emergencies. 
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RECOMMENDATIONS 


The  following  recommendations  have  resulted  from  the  submarine 
casualty  control  training  study: 

1.  Advanced  casualty  control  team  trainer  characteristics 
are  presented  that  include  characteristics  of  previous 
trainers  with  additions  for  effective  casualty  control 
training.  These  characteristics  should  be  incorporated 
in  new  trainers.  New  recommended  characteristics  have 
been  imposed  on  the  hydrodynamic  equations,  ship  sys¬ 
tem's  simulation,  and  physical  layout  of  future  casualty- 
control  trainers.  Specifically  included  are  economical 
malfunction  simulation  techniques,  collision  impacts,  in¬ 
corporation  of  an  OOD  trainee  position,  removal  of  the 
operator’s  console  from  the  platform,  simulation  of  an 
AMG  system,  and  a  capability  for  scoring  and  providing 
students  with  an  objective  knowledge  of  the  results  by 
utilizing  event  counters,  analog  recording  equipment,  and 
closed-circuit  television  (detailed  discussion  is  given  in 
Section  V,  Subsection  One). 

2.  Several  new  trainers  and  trainer  types  are  recommended, 
as  follows: 

a.  Additional  ship  control  trainers  are  needed  for 
both  SSN  and  SSBN  classes  because  of  present 
and  future  personnel  utilization  demands.  These 
trainers  should  include  the  casualty  trainer  charac¬ 
teristics  identified  in  this  study.  (A  rationale  is 
presented  in  Section  V  of  this  report. ) 

b.  General  emergency  demonstration  trainers  are 
specifically  needed  for  flooding  recognition  and  of 
atmosphere  contaminants.  Flooding  recognition 
training  should  be  provided,  using  the  "outside-in" 
trainer  to  allow  trainee  adaptation  to  high-pres¬ 
sure  flooding  effects  and  provide  a  baseline  for 
judgment  of  flooding  rates  by  showing  scaled 
values  of  flooding.  A  supplementary  justification 
for  such  a  device  would  be-  its  \  alue  as  a  research 
tool.  (See  Section  V,  Subsection  Two,  Item  4.) 

c.  Concurrent  with  all  casualties  is  a  training  re¬ 
quirement  to  provide  communications  training.  A 
communication  trainer  is  recommended  for  pro¬ 
cedural  training,  under  normal  and  adverse  con¬ 
ditions,  in  all  ship  communication  systems.  (See 
Section  V,  Subsection  Three.  Item  3.) 

d.  The  functions  of  the  ballast  control  panel  oper¬ 
ator  (BCFO)  are  not  trained  in  Submarine 
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School,  Yet  these  functions  are  vital  to  ship  re¬ 
covery  and  casualty  prevention.  The  BCPO  needs 
training  in  basic  operating  procedures  and  in  the 
handling  of  system  malfunctions.  The  latter  in¬ 
cludes  the  identification  of  malfunctions,  deter¬ 
mination  of  systems  affected,  and  isolation/cor- 
rective  action  by  local  watchstanders  under  the 
BCPO's  direction.  Ballast  control  panel  opera¬ 
tor  training  is  recommended  to  satisfy  these  re¬ 
quirements.  Because  of  ship  class  differences 
(panel  and  system  arrangements)  separate  trainers 
and  courses  are  needed  for  SSBN's  and  SSN's. 

e.  Generalized  basic  casualty  control  training  is 
feasible  and  desirable.  This  conclusion  follows 
in  part  from  the  nature  of  basic  training  itself, 
practical  considerations  regarding  time  of  school¬ 
ing,  and  ship  assignment.  It  must  be  emphasized 
^  that  effective  casualty  control  depends  on  profi¬ 
ciency  under  normal  conditions.  The  generalized 
trainer  at  this  level  consists  of  only  the  minimum 
of  simulator  fidelity  to  introduce  enlisted  men  and 
junior  officers  to  basic  ship  control  problems  (in¬ 
cluding  demonstration  of  casualty  effects,  recov¬ 
erability  factors,  and  the  effects  of  personnel 
reactions).  (See  Section  IV,  Subsection  One, 

Item  4,  and  Section  V,  Subsection  Four.  ) 

3.  Improved  training  of  diving  officers  (DO's)  (upgrading 
of  nonline  officers  and  enlisted  men)  is  recommended. 

Since  many  ships  employ  nonline  officers  and  senior  petty 
officers  as  diving  officers,  effective  casualty  control  de¬ 
mands  that  these  men  have  a  thorough  grasp  of  principles 
governing  trim  control  and  analysis,  the  equilibrium 
polygon,  and  recoverability  data.  Furthermore,  any  of¬ 
ficer  who  stands  watch  as  DO  with  its  inherent  responsi¬ 
bility  should  have  a  ready  means  of  refresher  training. 

Such  training  should  be  provided  in  specialized  course 
material,  including  films  and  lectures  covering  normal 
control  functions,  casualty  effects,  and  the  effects  of 
recovery  factors  on  ship  control.  These  training  courses 
should  be  provided  at  shore  base  facilities  where  SSBN 
crews  undergo  off-duty  draining  cycles  and  SSN  class  ships 
undergo  overhaul  and  upkeep  cycles.  To  be  most  effective, 
training  courses  should  be  differentiated  as  to  class  of  ship 
in  the  final  phases  of  the  course.  Ship  backup  materials, 
that  i6,  classroom  aids,  films,  etc,  should  be  prepared  for  v 
each  class  of  ship  (Section  V,  Subsection  Three,  Item  4). 

4.  To  facilitate  training  and  effectiveness  in  dealing  with 
casualties,  standardized  casualty/emergency  recovery 
procedures  and  guidelines  should  be  promulgated  through¬ 
out  the  operating  Submarine  Commands.  Items  for 
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consideration  include  (1)  flooding  definition  and  classifi¬ 
cation  criteria,  (2)  recovery  actions  and  sequences  as 
related  to  casualtiee  at  operating  bands  of  depth  and  speed, 
and  (3)  allocation  of  specific  responsibilities  among  mem¬ 
bers  of  the  ship  control  party.  (See  Section  V,  Subsection 
Two,  Items  1  and  4.  )  Operator  trainer  manuals  should  be 
included  to  ensure  standardization  of  training  and  to  ensure 
maximum  trainer  use. 

5.  Research  data  should  be  developed  for  ship  responses  to 
less  than  catastrophic  hazards  and  for  recovery  actions 
that  are  graduated  in  degrees  to  suit  the  degree  of  seri¬ 
ousness  of  the  casualty  a_nd  the  general  situation,  includ¬ 
ing  the  tactical  situation  and  status  of  ship  systems  such 
as  main  ballast  tanks  (MBT)  air  banks  and  vents  and  pro¬ 
pulsion.  (See  Section  V,  Subsection  Two,  Item  1 . ) 

6.  Additional  work  should  be  done  in  the  following  areas: 

a.  Submarine  damage  control  techniques  should  be 
evaluated  to  determine  critical  factors  in  dam¬ 
age  control,  and  the  best  approaches  for  training 
these  skills.  Flooding  problems,  such  as  recog¬ 
nition,  definition  and  isolation  should  be  examined 
in  detail.  (See  Section  V,  Subsection  Two,  Item  4.  ) 

b.  Associated  with  the  damage  control  training  in¬ 
vestigation  is  the  problem  of  identification  of 
optimum  classroom  aids  to  provide  this  train¬ 
ing.  For  example,  isolation  training  is  con¬ 
sidered  highly  desirable,  but  at  present  class¬ 
room  training  is  limited  tc  descriptions  of 
general  systems  operation  and  malfunctions. 

A  damage  control  study  is  recommended  to 
identify  common  modes  of  specific  failures  and 
problem  solutions.  This  study  would  combine 
training  requirements  and  specify  optimum 
classroom  damage  control  training  devices. 

c.  Simulation  techniques  presently  used  for  ship 
control  trainers  should  be  reassessed  to  include 
developing  a  criterion  for  computer  choice  and 
utilization.  Determination  of  an  optimum  com¬ 
puter  configuration  should  include  identification 
of  tradeoffs  involved  in  choosing  general  pur¬ 
pose  computers  over  special-purpose  and  trade¬ 
offs  between  state-of-the-art  analog  computers, 
digital  computers,  and  hybrid  computers.  Trainer 
utilization,  especially  that  involving  analog  com¬ 
puters,  should  be  examined  to  determine  feasi¬ 
bility  of  session  banding  to  reduce  hardware  re¬ 
quirements,  increase  effectiveness,  and  reduce 
cost.  (See  Section  V,  Subsection  One. ) 
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SECTION  I 
INTRODUCTION 

1.  GENERAL 

The  deep-diving,  fast,  and  highly  maneuverable  nuclear -powered 
submarine  presents  problems  of  emergency  and  casualty  control 
significantly  beyond  that  of  earlier  submarines.  The  factor  of  time, 
among  others,  has  become  more  critical,  and  in  certain  emergen¬ 
cies  the  command  decision  assumes  an  all  or  none  character.  The 
loss  of  the  USS  Thresher  underlined  the  need  for  intensive  and  con¬ 
tinuous  training  in  the  effects  and  appropriate  recovery  actions  of 
a  wide  variety  of  malfunctions,  casualties,  and  emergencies.  The 
training  muSt  also  provide  the  officers  and  men  of  the  submarine 
forces  with  the  opportunity  and  equipment  to  learn  their  ships’  ca¬ 
pabilities  and  limitations  and  to  exercise  their  sensory,  motor,  and 
decision-making  functions  under  controlled  conditions.  It  is  appar¬ 
ent  that  training  actual  operational  hazards  must  be  avoided,  and 
that  the  effective  training  3  ituations  must  be  provided  in  a  simulated 
environment. 

Shortly  after  the  sinking  of  the  USS  Thresher  the  Navy  Department 
formed  a  Submarine  Safety  Group,  which  is  coordinated  through  the 
submarine  design  section  of  BuShips  (Code  525).  One  of  the  many 
tasks  to  be  investigated  was  the  problem  of  casualty  control  training. 
The  solutions  to  the  problem  have  been  and  are  being  investigated 
and  examined  by  both  agencies  within  the  Navy  Department  and  others 
under  contract. 

However,  the  question,  "What  is  the  optimum  way  to  conduct  sub¬ 
marine  casualty  control  training?  "  persists.  In  March  1965,  an 
outline  was  prepared  to  study  the  subject,  submarine  casualty  con¬ 
trol  training,  in  depth.  The  investigation  of  five  questions  was  re¬ 
quired: 

1.  What  are  the  critical  factors  in  casualty  control  and 
emergency  procedures?  Which  of  these  situations 
should  be  considered  for  training? 

2.  What  are  the  skill  behaviors  that  have  to  be  developed 
to  ensure  adequate  performance  Tinder  emergency 
conditions? 

3.  What  is  the  optimum  means  for  training  these  skills? 

4.  What  levels  of  simulation  will  be  needed  to  ensure 
the  best  tradeoff  between  realism  and  return  for  each 
situation  or  parameter  identified? 

•5.  Can  a  generalized  approach  be  used  to  provide  basic 
casualty  control  training  for  cr-vws  in  a  variety  of 
ships,  or  must  individual  trainers  be  developed  for 
each  class  of  submarine? 
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In  addition  to  answering  these  rve  questions  it  was  necessary  to 
survey  specific  existing  ship  control  trainers  and  uses  to  deter¬ 
mine  applicability  and  develop  background  information  on  current 
and  future  casualty  control  training  needs  for  use  in  devising  and 
evaluating  alternative  training  approaches. 


2.  CASUALTY  CONTROL  TRAINING  STUDY 

The  study  program  v/as  conducted  in  accordance  with  the  objectives 
of  Study.  Submarine  Casualty  Control  Training,  as  defined  in  U.  S. 
Naval  Training  Device  Center  (USNTDC)  Study  Outline  552-171, 

2  March  1965,  Project  7878-2.  Five  main  areas  were  covered,  as 
follows: 

1.  Casualty  identification  and  classification 

2.  Casualty  sequence  and  task  identification 

3.  Training  requirements  analysis 

4.  Training  methods  analysis 

5.  Simulation  requirements  analysis 

These  five  areas  require  extensive  interaction  between  human  fac¬ 
tors  and  simulation  engineering  personnel  to  determine  both  the 
human  factors  and  engineering  solutions  to  the  submarine  casualty 
control  trairdng  problem.  Because  of  this  interaction,  these  five 
areas  have  been  integrated  in  the  study  and  this  report.  The  re¬ 
port  is  organized  according  to  USNTDC  direction,  as  follows: 

I  -  Introduction  . 

II  -  Statement  of  the  Problem 

in  -  Method  of  Procedure 

IV  -  Results 

V  -  Discussion 

VI  -  Conclusions 

Jointly,  the  "Methods  of  Procedure"  (Section  DI).  and  "Results" 
(Section  TV),  present  the  approach  to  the  casualty-control  training 
problem  solution.  Data  collected  by  analysis  of  documentation,  in¬ 
terviews  with  Submarine  Command  personnel,  and  visits  aboard 
ships  (see  Appendix  A)  have  been  applied  to  the  five  study  areas  out¬ 
lined  above.  The  results  have  been  discussed  and  detailed  data  and 
opinions  collated  to  form  answers  for  the  basic  questions  of  the 
original  study  outline.  In  the  "Discussion"  (Section  V)  a  further 
consideration  has  been  given  to  matters  broad  in  scope  (such  as 
feasibility  of  generalized  training)  as  well  as  to  simulation  back¬ 
ground  material  and  alternate  training  approaches.  In  addition, 
consideration  is  given  to  matters  of  casualty  and  damage  control 
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related  to  submarine  emergencies  and  safety,  which  fall  beyond 
the  scope  of  the  present  study  and  represent  the  basis  for  addi¬ 
tional  study. 
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SECTION  II 

STATEMENT  OF  THE  PROBLEM 

The  broad  question  of  this  study  is  what  type  of  training  and  training 
requirements  are  optimum  for  s'.omarine  casualty  control.  Increased 
systems  complexity,  together  with  the  tremendous  expansion  in  the  op¬ 
erating  capabilities  of  the  modern,  high-performance  nuclear -powered 
submarine,  have  multiplied  the  problems  confronting  the  officers  and 
crews  ox  these  submarines.  In  the  realm  of  casualty  control,  the  prob- 
'  lems  are  presumably  mere  severe  for  two  primary  reasons.  First, 
less  time  is  available  in  which  to  recognize  and  then  to  implement  ef¬ 
fective  control  of  the  casualty  because  of  the  increased  speeds  and 
depths  at  which  these  submarines  can  operate.  Secondly,  the  overall 
level  of  submarine-oriented  experience  is  lov/er  (because  of  personnel 
rotation  and  advancement)  in  relationship  to  the  complexities  of  the  sub¬ 
marine  systems. 

Inasmuch  as  future  submarines  will  provide  an  even  greater  increase 
in  performance  and  integrated  systems  complexity,  the  problems  as¬ 
sociated  with  effective  casualty  control  will  also  multiply.  The  train¬ 
ing  problem  takes  on  new  dimensions  in  view  of  other  measures  that 
have  been  resolved  to  improve  submarine  safety.  One  of  these  meas¬ 
ures  is  the  modification  of  the  submarine  to  include  remote  control 

g 

panels,  manual  override  systems,  and  special  emergency  systems. 

As  a  result,  alternate  and  backup  modes  of  emergency  operation  must 
be  learned.  Additional  submarine  system  knowledge  must  also  be 
learned  to  appreciate  cross -coupling  effects.  Another  measure  to  be 
considered  is  the  accumulation  of  model  basin  test  data  and  computer 
data  that  will  establish  recoverability  effects  data  as  a  function  of  the 
nature  of  casualties  and  recovery  actions.  The  implications  of  these 
data  for  procedures,  decisions,  and  actions  must  also  be  acquired 
through  training. 

The  scope  of  casualties  and  casualty  control  procedures  to  be  consid¬ 
ered  was  left  an  open  question  to  be  defined  by  the  investigators.  This 
question,  in  and  of  itself,  implied  that  a  survey  was  needed  of  almost 
all  casualties,  followed  by  a  reduction,  on  rational  grounds,  of  the 
casualty  and/or  casualty  effects  to  be  considered.  In  addition,  the  pro¬ 
cedures  for  training  had  to  be  specified.  Hence,  the  question  of  scope, 
although  normally  a  part  of  the  study  planning  phase,  became  a  major 
and  the  initial  problem  for  investigation. 

Beyond  the  question  of  scope,  the  problem  for  study  was  to  generate 


aFor  example  research  data  indicate  that  disastrous  consequences  may 
result  from  the  use  of  emergency  blow  when,  the  ship  is  operating  out¬ 
side  a  slow,  shallow-depth  operating  envelope. 


5 


NAVYRADEVCiH  5*13.1 


SECTION  n  -  STATEMENT  OF  THE  PROBLEM _ 

successive  phases  of  information  necessary  to  identify  criteria  for 
training  simulation.  This  involved  identifying  critical  factors  for  casu¬ 
alty  recovery,  the  critical  factors  and  collateral  skill/knowledge  re¬ 
quirements  necessary  to  train  personnel,  the  method  of  training  per¬ 
sonnel,  and  the  simulation  requirements.  In  addition,  the  problem  in¬ 
volved  determining  the  feasibility  of  generalized  basic  casualty  control 
training  and  the  feasibility  of  adding  casualty  control  features  to  exist¬ 
ing  trainers. 
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SECTION  HI 

METHOD  OF  PROCEDURE 


1.  APPROACH 


The  method  of  procedure  describes  the  systematic  approach,  dia¬ 
gramed  in  Figure  1,  that  was  used  to  solve  the  casualty  control 
training  problem.  The  identification  and  classification  of  casual¬ 
ties  began,  as  data  in  the  form  of  documentation,  correspondence, 
observations,  and  personnel  interviews  became  available.  Re¬ 
sults  of  this  effort  constituted  an  overall  baseline  against  which 
subsequent  phases  of  the  casualty  control  sequences  and  tasks, 
training  requirements,  training  approaches,  and  functional  simu¬ 
lation  requirements  were  determined. 


At  this  point  in  the  study,  casualty  control  groups  were  selected  on 
the  basis  of  priorities  assigned  in  the  classification  scheme  and  the 
collation  of  behavioral  elements  from  the  casualty  sequence/task 
identification.  Subsequently,  the  training  requirements  analysis 
was  determined;  general  watchs tenders'  collateral  responsibilities, 
critical  factors  for  recovery,  and  skill/knowledge  training  require¬ 
ments  were  determined.  Then  the  training  requirements  were 
identified  and  grouped  as  functional  training  units.  For  each  of  the 
latter,  available  types  of  training  approaches  were  evaluated  for 
different  training  phases.  In  the  process  of  determining  the  de¬ 
sirable  type  of  training,  various  training  aids  and  devices  were 
considered,  which  were  later  grossly  scrutinized  as  to  character¬ 
istics,  cost  versus  effectiveness,  and  basic  justification.  The 
combined  results  of  this  approach  are  discussed  in  Section  IV.  The 
study  areas  and  interactions  between  human  factors  simulation  en¬ 


gineering  and  existing  training  hardware  are  illustrated  in  Fig¬ 


ure  i. 


CASUALTY  CONTROL  DEFINITION 


For  purposes  of  this  study,  casualty  control  is  based  on  the  concept 
of  a  safe  operating  envelope.  From  this  viewpoint  a  casualty  or 
emergency  is  a  condition  or  event  that  will  have  a  significant  effect 
bn  a  submarine' s  safe  submerged  operating  capability.  The  effect 
may  be  direct  in  that  if  the  submarine  is  not  brought  to  the  surface, 
or  a  safe  depth  and  speed,  it  will  be  lost.  Or  the  effect  may  be  in¬ 
direct,  as  in  a  general  emergency,  such  as  a  fire  or  atmospheric 
contamination,  when  the  submarine  must  be-  brought  near  the  sur¬ 
face  so  provide  habitable  conditions  for  iba  personnel.  Conditions 
that  have  these  effects  were  assigned  priority  for  study.  Other 
types  of  failures  or  problems  that  could  be  isolated  as  system  mal¬ 
functions,  and  submarine/personnel  safety  assured,  without  affect¬ 
ing  the  submarine's  operating  envelope  were  first  listed  as  casual¬ 
ties,  but  upon  identification  were  relegated  to  serious  considerations 
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Figure  I  -  Casualty  Control  Training  Study  -  Procedural  Diagram 
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only  when  taken  in  combination  with  the  critical  casualties. 

As  contrasted  with  damage  control,  this  study  dealt  with  the  im¬ 
mediate  detection,  decisions,  and  actions  required  to  maintain  the 
submarine' s  safety  in  the  face  of  a  potential  or  existing  casualty. 
With  the  exception  of  limited  immediate  isolation,  damage  control 
was  not  considered. 


3.  DATA  COLLECTION 

Data  were  collected  from  documentation,  command  visits,  ship¬ 
board  inspection  and  crew  interviews,  and  standardized  interviews 
of  off-duty  SSBN  crews.  Data  sources  are  identified  in  Appendix  A. 
The  documentation  that  was  collected  covered  five  main  areas  of 
endeavor.  These  are 

1.  Information  about  ship  systems  and  operating  prac¬ 
tices,  including  the  Ship's  Organization  and  Regu¬ 
lations  Manuals  (SORM's),  Ship's  Information  Books 
(SIE's),  and  ship  qualification  guides 

2.  Information  about  casualties,  effects,  and  recover¬ 
ability  factors,  including  collections  of  casualty  rec¬ 
ords,  the  SSB(N)  616  damage  control  book,  recover¬ 
ability  studies  and  control  information,  and  submarine 
safety  programs,  guides,  and  instructions 

3.  Training  device  characteristics,  including  training 
capability  evaluations,  trainer  operating,  and  main¬ 
tenance  instructions,  and  casualty  simulation  modi¬ 
fications 

4.  Training  programs,  curricula,  and  guidelines 

5.  Training  research  data  covering  vigilance,  scanning, 
discrimination,  decision  malting,  and  perceptual- 
motor  tasks,  including  procedures  and  tracking  tasks 

Command  visits  included  trips  to  Bureau  of  Ships  (BuShips);  Bureau 
of  Personnel  {BuPers);  Submarine  School,  New  London,  Connecticut; 
Fleet  Ballistic  Missile  (FBM)  training  facilities;  Submarine  Safety 
Center  (SUBSAFCEN);  Commander  Submarine  Force,  U.  S.  Atlan¬ 
tic  Fleet. (COMSUBLANT);  and  Commander  Submarine  Force,  U.  S. 
Pacific  Fleet  (COMSUBPAQ. 

Shipboard  inspections  and  crew  interviews  were  conducted  on  board 
two  62?  class  (SSBN)  submarines  and  two  (SSN)  submarines. 

Standardized  interviews  of  off-duty  SSBN  crews  of  both  COMSUB¬ 
LANT  and  COMSUBPAC  were  accomplished  using  a  formalised 
questionnaire. 
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SECTION  IV 
RESULTS 

Subsection  One 

Casualty  Identification  and  Classification 


Early  in  the  study,  a  very  complete  casualty  classification  scheme  was 
completed  that  was  based  on  a  failure  mode  analysis  (the  results  are 
v  shown  in  Appendix  B).  This  classification  scheme  was  determined,  by 
the  investigators'  examination,  to  be  too  detailed  for  a  systematic  hu¬ 
man  factors  approach  to  the  study.  For  example,  a  separate  consider¬ 
ation  was  made  of  "stem  planes  fail  on  full  dive"  and  "stern  planes  fail 
on  0-  to  20-deg  dive.  "  After  examination,  it  was  decided  to  group  these 
into  one  class  called  "steru  planes  fail  on  dive.  "  Consequently,  a  sec¬ 
ond  classification  scheme  was  devised  that  was  behavior  oriented  (the 
results  cf  this  scheme  are  shown  in  Appendix  C).  Nonetheless  the  first 
detailed  classification  scheme  (failure  mode  analysis)  is  included  in 
this  report  since  it  provided  useful  base  data  for  the  later  analyses. 

The  behavior -oriented  classification  (Appendix  C)  is  based  on  an  analy¬ 
sis  of  basic  submarine  officer  training  and  experience,  as  well  as  ex¬ 
tensive  documentation  and  human  factors  engineering  analysis.  The 
classification  of  casualties  as  defined  in  Appendix  C  is  based  on  a 
scheme  of  class,  subclass,  and  sub-subclass.  In  order  of  priority, 
the  main  classes  of  casualties  are: 

1.  Class  I  -  Ship  Command  and  Control  Systems 

2.  Class  II  -  General  Emergencies  (fire,  flooding, 

collision,  etc. ) 

3.  Class  IH  -  Power  Plant  Casualty  Effect 

Each  of  these  classes  is  then  subdivided  into  the  sub  and  sub-subclasses. 
An  example  of  this  classification  scheme  is  the  identification  of  SHIP 
COMMAND  AND  CONTROL  as  the  major  class  of  casualty  or  malfunc¬ 
tion,  STERN  PLANE  CASUALTIES  as  the  subclass  casualty,  and  Fail 
on  Dive  as  the  sub-subclass  casualty.  This  scheme  provides  a  base¬ 
line  of  casualties  and  malfunctions  to  be  considered  as  candidate  situa¬ 
tions  for  casualty  control  training. 

In  order  to  determine  which  of  the  malfunction/ casualty/ emergency 
situations  should  be  considered  for  the  training  requirements  analysis, 
a  method  had  to  be  devised  for  establishing  the  relative  criticality  of 
each  abnormal  situation  as  identified  in  the  preceding  paragraph.  The 
resultant  method  used  two  factors  on  which  to  base  relative  criticality: 

1.  What  is  the  effect  on  the  submarine  if  no  recov¬ 
ery/corrective/  compensatory  action  is  taken? 

2.  What  degree  of  ship  control  action  is  required  to 
recover  from  the  malfunction/casualty /emergency? 
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Subsection  One 


The  casualty  criticalities  are  based  on  data  published  in  submarine  re¬ 
coverability  studies,  damage  control  books,  and  personnel  interviews 
{as  delineated  in  Appendix  C). 

The  ratings  of  criticality  are  given  for  each  malfunction/ casualty/- 
emergency  situation  in  Appendix  C.  Ratings  of  one  to  five  represent 
the  consensus  of  the  investigators'  judgments.  Criteria  for  assignment 
are: 


1.  Immediately  commence  emergency  main  ballast 
tank  blow  to  surface  or  periscope  depth  to  control 
casualty  and/or  reduce  its  severity. 

2.  Immediately  commence  normal  main  ballast  tank 
blow  and  conduct  normal  surface  or  come  to  peri¬ 
scope  depth  or  another  safe  depth,  less  than  200  ft, 
to  control  casualty  and/or  reduce  its  severity. 

3.  Deliberate  ship  control  action  may  be  required  to 
ensure  safe  ship  operations.  Restore  system  func¬ 
tions  immediately. 

4.  Ship  control  action  may  not  be  immediately  re¬ 
quired.  Restore  system  functions  immediately. 

5.  Continue  operations,  immediate  action  is  not  re¬ 
quired. 

It  was  found  that  single  valued  ratings  could  not  be  assigned  at  the  sub¬ 
subclass  level  of  casualties.  Hence,  an  attempt  was  made  to  deter¬ 
mine  the  severity  of  the  casualty  on  the  basis  of  the  mode  of  failure. 

(In  other  words,  criticality  for  recovery  varies  as  a  function  of  the 
mode  of  failure  and  degree  of  complexity  of  failure  along  with  the  tacti¬ 
cal  submarine  situation. )  The  multivalued  degrees  of  criticality  and 
the  underlying  information  that  served  as  the  basis  for  assignment, 
therefore,  acted  as  weight  factors  for  the  casualty- control -task  group¬ 
ings  utilized  during  the  subsequent  casualty  sequence  and  analysis  of 
task-identification  and  training  requirements. 
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RESULTS 

Subsection  Two 

Casualty  Sequence  and  Task  Identification 


1.  GENERAL. 

The  data  generated  as  a  result  of  the  casualty  sequence  and  task 
identification  are  organized  by  class  of  casualty.  They  present  the 
personnel  activities  required  from  initial  detection  until  effective 
control  is  achieved.  The  analyses  are  psychologically  oriented  so 
that  the  data  highlight- the  critical  factors,  from  the  training  stand¬ 
point,  in  ^.casualty  control  procedures.  The  results  of  the  casualty 
sequence  and  task  identification  are  presented  in  Appendix  D. 

The  first  step  in  the  combined  sequence  and  task  analysis  was  to 
choose  the  casualties  from  the  revised  classification  {Appendix  G) 
scheme  so  a a  to  encompass  common  behavior  elements  within  each 
class.  The  results  of  this  choice  are  reflected  in  the  following  list 
of  casualties: 


1.  Ship  command  and  control  casualties 

a.  Stern  plane3  fail  on  dive 

b.  Stern  planes  fail  on  rise 

c.  Fair  water  planes  fail  on  dive 

d.  Fair  water  planes  fail  on  rise 

e.  Rudder  failure 

2.  General  emergencies 

a.  Fire 

(1)  Operations,  missile,  and  bow  com¬ 
partments 

(2)  AMR  (auxiliary  machinery  room)  No. 

1  and  2  (or  AMS,  auxiliary  machinery 
space  and  air -regeneration  room  In 
SSN  ships),  and  reactor  compartment 

(3)  Engine  compartment 

b.  Flooding 

(1)  Bow  compartment 

(2)  Operations  and  missile  compartment 

(3)  AMR  No.  2  (or  AMS)  and  engine  com¬ 
partment 
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(4)  AMR  No.  1  (or  air  regeneration 
room)  and  reactor  compartment 

c.  Atmospheric  contamination 

d.  Surface  collision 

e.  Submerged  collision 

Some  of  the  failures  identified  in  Appendix  C  were  not  analysed. 

For  this  reason,  individual  casualty  sequence  identifications  were 
not  made.  The  failures  that  were  not  analysed  were  treated  as 
malfunctions.  The  reason  was  that  -  in  the  opinion  of  the  investi¬ 
gators  and  as  indicated  by  the  assigned  criticality  ratings  -  none 
of  these  failures  would  acquire  the  significance  on  proportions  of  a 
casualty  when  occurring  alone.  The  failures  excluded  from  a  sepa¬ 
rate  formal  analysis  were  the  electrical,  mechanical,  or  indicator 
failures  associated  with: 

1.  Normal  and  Emergency  MBT  blow  sys¬ 
tem 

2.  Variable  ballast  tank  systems 

3.  Trim  and  drain  system 

4.  Snorkel  system  (excluding  flooding  casualties 
analyzed  as  part  of  the  overall  general  emer¬ 
gency) 

5.  Mast  systems 

6.  Interior  communications  system 

A  malfunction  within  one  of  these  systems  could  acquire  casualty  or 
emergency  proportions  when  combined  with  an  existing  malfunction, 
casualty,  or  emergency.  The  significance  of  combined  casualties 
was  recognized  and  alternate  procedures,  to  correct  or  control  the 
original  failure  when  a  second  failure  occurred,  were  introduced  in 
the  casualty  sequence  and  task  analysis.  Coverage  of  crew  reac¬ 
tion  to  failures,  excluded  from  a  separate  formal  analysis,  was  in¬ 
cluded  in  the  training  requirements  analysis.  This  analysis  identi¬ 
fied  the  crew  position  responsibilities  and  critical  factors  for  casu¬ 
alty  control  requirements,  as  well  as  skills  and  knowledges  to  be 
trained.  It  is  significant  to  note  that  these  systems,  except  the 
drain  system  on  current  SSN's,  are  monitored  controlled  and/or 
operated  by  the  BCPC. 

The  recovery  action  for  each  of  the  casualties  analyzed  followed  a 
common  sequence  as  anticipated  in  the  work  plan  report.  The  re¬ 
sults  are  summarized  below  in  Items  2  through  7. 


2.  CASUALTY  RECOGNITION 

The  ship  control  center  receives  information  of  a  casualty  by  com* 
m unications  and  alarms  from  the  engineering  officer  of  the  watch 


14 


HAVTRADEYCEN  1813-1 


SECTION  IV  -  RESULTS 


Subsection  Two 


(EOOW)  or  local  watchstanders,  from  indications  on  the  diving  con¬ 
trol  station  panel  or  BCP,  or  from  direct  sensation  of  the  ship  be¬ 
havior.  Typically,  the  ship  control  party  (helmsman,  stern  planes- 
man,  BCPO,  DO,  and  OOD)  react  to  deviations  from  a  baseline 
composed  of  speed,  depth,  depth  rate,  trim  angle,  course,  turn 
rate,  power  plant  status,  and  control  power  status  taking  due  ac¬ 
count  of  navigational  factors,  the  tactical  situation,  and  undetected 
submerged  operation  that  is  essential  to  the  mission  objectives. 
Thus,  monitoring  and  cross-checking  these  indications  and  reports 
are  essential  tasks  for  effective  casualty  control,  along  with  ob¬ 
serving  safe  limits  such  as  minimum  and  maximum  speeds  at  deep 
depth,  maximum  speeds  when  masts  are  raised  near  the  surface, 
maximum  ship  angles,  and  minimization  of  plane  angles  during 
normal  running.  "This  part  of  the  analysis  is,  therefore,  a  sum¬ 
mary  of  the  crucial  casualty  recognition  tasks  for  the  ship  control 
party  as  a  group.  As  indicated  in  the  preceding  paragraph,  the 
~B€ PO  must  also  react  to  those  system  failures  that  are  not  critical 
as  long  as  they  occ:r  .  _one  but  would  be  critical  if  they  occurred 
in  combination  with  flooding  or  stern  plane  casualties.  These  sys¬ 
tem  failures  include  the  main  ballast  tank  blow  and  vents,  trim  and 
drain  system,  hydraulic  system,  and  interior  communications.  In 
each  case,  the  failure  is  shown  by  panel  indications,  or  the  lack 
thereof,  in  response  to  manual  control  activation.  The  recognition 
problem  is  one  of  proper  monitoring  (i.  e. ,  proper  indicator  scan¬ 
ning  and  indicator/ship  response  indication),  determining  mode  of 
failure,  and  determining  status  of  systems  essential  for  recovery 
such  as  MBT  blow,  hydraulics,  and  propulsion.  The  local  watch- 
standers*  casualty  recognition  task  will  involve  (1)  identifying  the 
nature  and  location  of  flooding,  type  of  fire,  and  type  of  toxic  gas 
and  (2)  detecting  various  equipment  malfunctions  that  may  detri¬ 
mentally  affect  ship  control  or  develop  into  a  general  emergency. 


DECISION-MAKING 

Decision-making  involves  the  evaluation  of  the  ship's  current  status 
and  capability,  the  assessment  of  the  problem  (including  tactical 
and  navigational  factors  and  mission  objectives),  and  the  selection 
of  a  course  of  action.  In  matters  affecting  ship  safety  the  OOD  and 
DO  should  always  be  involved.  Speed,  depth,  and  attitude  are  basic, 
as  are  the  tactical  situation,  navigational  factors,  and  mission- ob¬ 
jectives.  Crew  capability,  particularly  the  skill  of  the  hslmsmen/- 
planesman  and  chief  of  the  watch  (COY f),  is  very  significant.  De¬ 
cision-making  must  also  include  die  utilization  of  the  recoverability 
data  and  the  consideration  of  follow-on  effects  of  possible  correc¬ 
tive  actions.  These  include  both  desirable  and  unde  sir  able  conse¬ 
quences,  such  as  broaching  or  turbulent  ship  motion  if  emergency 
blow  is  not  used  with  discretion. 


In  circumstances  where  a  system  or  specific  equipment  is  con¬ 
cerned,  the  individual  watchstandar  must  make  a  quick  decision  as 
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to  the  location  and  nature  of  the  casualty.  The  watchstander  must 
recall  the  immediate  local  action  required.  This  will  include  noti¬ 
fication  cf  the  appropriate  control  station;  isolation  of  the  affected 
equipment,  system,  and  compartment;  and  execution  of  the  emer¬ 
gency  compartment  bill. 

The  BCPO  decision  is  particularly  critical.  His  ability  to  identify 
the  correct  method  of  overcoming  a  control  failure,  such  as  MBT 
blow,  may  well  determine  whether  the  ship  will  be  saved.  One 
other  decision  maker  of  prime  importance  is  the  EOOW  who  must 
ensure  performance  of  the  general  emergency  and  casualty  control 
bill  in  engineering  spaces  and  must  line  up  the  power  plant  for 
maximum  reliable  operation.  Specific  training  of  the  EOOW  is  not 
within  the  scope  of  this  study  report. 


4.  CORRECTIVE  ACTION 

Action  to  correct  or  control  the  casualty  situations  were  formulated 
generally  for  worst  case  failures.  This  action  was  cited  as  the 
"basic  sequence"  and  was  selected  to  be  compatible  with  recover¬ 
ability  research  and  recommendations.  Alternative  courses  of  ac¬ 
tion  were  also  identified.  These  alternatives  v/ere  cited  to  show 
possible  variations  in  casualty  control  as  a  function  of  special  situ¬ 
ations  and  desirability  of  avoiding  unnecessary  risk  or  compromise 
to  the  mission.  One  of  the  main  points  made  clear  by  the  task 
analysis  is  the  criticality  of  immediate  reaction  to  flooding  and 
stern  plane  fail  on  dive.  Another  critical  point  not  presently  ap¬ 
preciated  by  the  consensus  of  operating  personnel  is  the  formal 
recognition  of  the  need  for  differentially  responding  to  casualties 
to  fit  the  situation  -  severity  of  casualty  and  consequences  of  cor¬ 
rective  actions.  For  example,  all  out  recovery  action  to  a  prob¬ 
lem  of  moderate  severity  may  in  fact  lead  to  a  more  disastrous 
casualty,  such  as  collision. 


5.  INFORMATION  FLOW 

In  most  casualties,  communication  of  the  casualty  situation  is  the 
first  response  of  the  watchstander.  The  primary  exception  is  sim¬ 
ple  failures,  such  as  control  mode  or  indicator  failures,  where  the 
operator  switches  to  the  emergency  mode  and  then  passes  the  word. 
Generally  the  watchstander  communicates  with  the  control  center 
as  quickly  as  possible,  and  the  appropriate  alarm  is  sounded.  Doc¬ 
trine  on  the  communication  sequence  varies  between  SSN  ana  SSBN, 
among  ships,  and  among  casualties.  Also,  depending  oh  the  com¬ 
partment  in  which  the  watchstander  discovers  the  failure,  word 
may  be  passed  directly  to  control  or  via  maneuvering  and  the  launch 
control  station  when  the  casualty  is  discovered  by  engineering  or 
weapons  watchstander  s. 
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6.  FOLLOWUP  ACTION/FEEDBACK 

An  evaluation  was  made  of  the  means  of  assessing  progress  in  the 
control  of  an  emergency,  and  the  follow-on  corrective  procedures 
were  implemented.  The  casualty  control  is  considered  complete 
when  the  appropriate  decisions  have  been  made  and  the  necessary 
immediate  corrective  action  has  been  taken  to  return  the  submarine 
to  ns  safe  operating  envelope.  Maintenance  of  the  safe  operating 
envelope  may  require  additional  follow-up  action;  for  example  the 
danger  of  broaching  or  collision  while  recovering  from  a  casualty, 
such  as  flooding,  must  be  averted.  It  may  also  require  limitation 
of  action;  mr  example,  emergency  blow  may  need  to  be  time- 
iunited,  depending  on  depth,  speed,  and  rate  of  flooding,  to  avo’d 
risk  of  broaching  or  uncontrollable  roll. 


7. 


CASUALTY,  SEQUENCE,  AND 

B^ore  proceeding  to  the  training  requirements  analysis  (Section  IV, 
Subsection  Three),  certain  considerations  and  conclusions  we**e 
reaped  based  on  the  casualty  classification  scheme  and  the  sequence 
and  task  analysis.  Upon  examination  of  the  casualty  sequence  data, 
it  was  apparent  that  extensive  areas  of  similarity  exist  among  con- 

X°r  C3£ualties*  The  casualty  recognition, 

information  flow,  and  to  some  extent  the  decision-making  proce¬ 
dures,  are  essentially  the  same  for  stern  planes  (fail  on  rise  or" 
dive),  for  fairwater  planes  (fail  on  rise  or  dive),  and  for  rudder 
casualties.  The  important  differences  lie  in  the  person  detecting 
the  iaUure  and  the  alternate  courses  of  action  available  to  counter- 
act  its  effect.  The  sequence  analysis  also  indicates  similarities 
in  the  flooding  control  procedures  insofar  as  they  effect  the  ships 
control  party.  Again  the  differences  appear  in  the  watcnstander 
detecting  tne  flooding  and  the  alternate  courses  of  actions  available. 

.  e  similarity  of  common  behavior  elements  indicates  that  the  re¬ 
vised  classification  scheme  (Appendix  Q  results  in  an  economical 
grouping  of  major  casualties.  This  classification  scheme  was  also 
of  value  because  it  provided  information  for  use  in  the  sequence 
and  task  analysis.  From  this  information,  the  function  to  be  per¬ 
formed  by  different  watchstander  personnel  in  controlling  a  casualty 
could  be  discerned  by  cross  referencing  the  mode  of  failure  to  its 
treatment  in  applicable  documentation  (SORM,  SIB,  etc.).  It  is 
also  significant  to  note  that  the  attemDt  to  assign  degrees  of  criti¬ 
cality  to  the  respective  causes  of  a  casualty  did  not  adequately  de¬ 
fine  the  severity  of  the  casualty  in  all  circumstances.  For  example, 
a  system  indicator  failure  does  not  of  itself  seriously  endanger  the 
sa-ety  of  the  ship.  But  if  the  operator  does  not  detect  this  failure 
for  what  it  really  is,  his  excessive  action  may  endanger  the  ship. 

For  this  reason  a  consultative  approach  to  the  determination  of 
critical  factors  was  applied.  The  approach  taken  was  to  base  the 
initial  selection  of  critical  training  situations  on  the  general 
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consensus  of  experts:  submarine  engineers,  subsafety  experts, 
and  ship  personnel.  On  this  basis,  the  following  statements  and 
groupings  can  be  made  about  the  seriousness  of  casualties  relative 
to  ship  control  training. 

The  first  and  most  hazardous  casualties  are  flooding  at  depth  and 
stern  planes  fail  on  dive  at  high  speed  or  deep  depth.  All  parame- 
i  ters  governing  recovery  (including  ccrrect/incorrect  operation  of 
MBT  blow,  hydraulics,  propulsion,  interior  communications,  and 
\  trim/variable  ballast)  and  the  most  effective  measures  for  recov¬ 
ery  from  these  casualties  need  to  be  emphasized  in  shore-based 
fraining.  Recognition  of  serious  flooding,  as  differing  from  leak¬ 
ing  and  flooding-depth- speed-trim  angle  interactions,  must  also  be 
adequately  treated.  Some  of  the  parameters  contributing  to  criti¬ 
cality  of  the  casualty  are  the  distinction  between  a  serious  mechani¬ 
cal  stern  plane  failure  and  an  indication  or  control  mode  failure; 
differences  in  the  implication  of  a  failure  for  near  surface  oper- 
ation-vs-test  depth  operation;  and  the  seriousness  of  failure  at  high 
speed-vs-hovering  speed. 

A  second  grouping  of  casualties  -  fire,  atmospheric  contamination, 
steam  leaks,  failure  of  hydraulic  flex  lines,  and  moderate  flooding  - 
can  usually  be  combated  directly  by  damage  control  techniques  and 
general  emergency  procedures,  such  as  compartment  isolation. 

Ship  control  action,  usually  indicated  to  permit  emergency  ventila¬ 
tion,  can  be  taken  deliberately.  Drills  in  the  latter  aspect  may  be 
exercised  aboard  the  ship.  OOD  judgment  regarding  the  latter  is 
seriously  dependent  upon  recognition  and  reports  by  the  man  at  the 
scene.  However,  this  group  of  casualties  is  of  sufficient  criticality 
for  the  OOD  training  in  decision-making  that  provision  should  be 
included  in  team  exercises  on  ship  control  trainers. 

A  third  grouping  of  casualties  includes  failures  of  stern  plane  on 
rise,  fairwater  planes,  steering  system,  hovering  system,  and 
most  power  plant  casualties.  This  group  is  not  usually  of  imme¬ 
diate  seriousness  in  that  compensation  by  use  of  other  normal  sys¬ 
tems  is  usually  possible. 

A  fourth  grouping  of  casualties,  when  considered  individually,  has 
been  downgraded  in  the  investigators'  judgment  to  the  status  of 
malfunctions.  Occurring  by  themselves,  these  casualties  do  not 
affect  ship  safety.  Yet  they  involve  the  systems  that  are  often  the 
most  vital  for  recovery  from  the  first  two  casualty  groups.  The 
entire  main  ballast  tank  blow  system  falls  in  this  group.  The  fair- 
water  planes  and  steering  system  might  also  be  grouped  under  this 
category.  Other  systems  considered  from  this  standpoint  are  the 
trim  and  drain  system,  negative  tank  system,  interior  communica¬ 
tions  systems,  snorkel  system,  propulsion  system,  and  the  elec¬ 
trical  plant. 


Consideration  of  plane  and  rudder  failures,  fire,  flooding,  and 
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collision  as  encompassing  all  the  major  and  critical  casualties 
leads  to  the  conclusion  that  all  the  sequences  and  tasks  associated 
with  these  systems  are  critical  to  ship  safety  and  recoverability. 

It  was,  therefore,  this  scheme  of  criticality,  described  earlier  in 
Subsection  One  of  Section  IV,  that  provided  the  baseline  for  the 
next  phase  of  the  investigation  -  the  training  requirements  analysis. 
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GENERAL 

The  training  requirements  analysis  was  conducted  in  three  steps. 
First,  personnel  responsibilities  during  normal  and  emergency 
situations  were  determined.  Second,  the  critical  factors  for  casu¬ 
alty  control  were  determined  by  collating  data  from  the  sequence 
and  task  analysis  (Appendix  D).  Finally,  training  requirements 
were  determined  by  combining  data  from  the  first  two  steps. 


PERSONNEL  RESPONSIBILITIES 

Crew  position  responsibilities  for  plane  and  rudder  failures,  lire, 
flooding,  and  collision  are  outlined  in  Appendix  E.  The  crew  po¬ 
sitions  covered  include  the  local  watchstanders,  COW/BCPO,  and 
helmsman/planesman.  The  responsibilities  include  actions  that 
enable  personnel  to  avert,  reduce  the  severity. of,  or  properly' handle 
a  casualty  should  it  occur.  This  part  of  the  analysis  provided  data 
for  both  normal  and  emergency  crew  responsibilities  to  aid  in  the 
determination  of  casualty  training  skills/knowled^e  require¬ 
ments  . 


CRITICAL  FACTORS  AND  SKILL/KNOWLEBGE  REQUIREMENTS 

The  determination  of  critical  factors  for  training  and  the  skills 
and  knowledge  requirements  for  training  was  accom plashed  by  the 
judicious  extraction  and  collation  of  data  from  the  personnel- 
responsibilities  listing  of  Appendix  E  and  the  results  of  the  criti¬ 
cal  sequence  and  task  analysis  in  Appendix  D.  The  critical  fac¬ 
tors  and  skills /knowledge  requirements  are  provided  in  Table  I 
for  ship  command  and  control;  for  fire  reporting,  isolation  and 
extinguishing;  for  flooding  recognition  and  isolation;  for  atmos¬ 
pheric  contamination  recognition  and  control;  for  propulsion  casu¬ 
alty  effects  on  ship  control;  and  for  electrical  casualty  control. 

Throughout  this  study,  it  is  recognized  and  indicated  that  the  indi¬ 
vidual  BCP  malfunctions  are  not  in  themselves  critical  to  recovery 
unless  coupled  with  another  more  serious  casualty.  However, 
3ince  the  BCF  is  the  nerve  center  and  control  point  for  most  sys¬ 
tems  and  is  essential  in  recovery,  and  because  personnel  are  not 
selected  for  this  position  during  basic  training,  supplemental 
training  is  needed  as  senior  personnel  are  upgraded  to  the  BCP 
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watch.  For  these  reasons,  requirements  were  developed  for 
training  personnel  to  react  to  malfunctions  of  systems  controlled 
and  monitored  at  the  BCP.  The  investigators  found  that  require¬ 
ments  for  BCP  training  could  be  adequately  established  by  extract¬ 
ing  data  from  the  other  group  of  critical  factors  and  skills  knowl¬ 
edge  requirements. 


TABLE  I  -  CRITICAL  FACTORS  AND  SKILLS/ 


Training  category 


X. 


Ship  t  ommand 
and  « ontrol 


C rit»»  al  fac  tors 


1.  Inn*  hate  detection  of  plane  or  rudder  casua!»>  svmptcmf* 

l.  disc  rinnnation  between  indicator  failure,  elec! rohycrsuiic 

.ajiyrf,  and  tnrthacna!  lailure  on  di\  mg  panel  or  BCP- 

S.  Rapid  corrective  response  implementing  only  action  required  to 
recover  from  casualty,  minimizing  diet*  on  satisfaction  of  mis¬ 
sion  requirements,  e.  p.  :  (a)  if  depth  indicator  fails,  use  emer¬ 
gency  indicator;  (b)  if  normal  hydraulic  mode  fails,  operate  in 
rate  control:  (c)  if  fairwatcr  planes  jam,  compensate  with  stern 
planes:  fd)  if  rudder  jams,  reduce  ship  speed  and  compensate 
for  attitude  change*  with  planes. 


4.  Follow.’  up  ship  control  corrective  action  for  stern  planes  fail  on 
dive  or  flooding  .o  achieve  safe  depth  minimizing  incompatibility 
with  tactical  situation. 

5.  Avoidance  of  confusion  tn  inte  rpretation  of  casualty  symptoms  by 
proper  scanning  and  monitoring  <»f  depth,  steering,  speed,  and 
BCP  indications  and  by  proper  trim  analysis  and  control. 

6.  Immediate  recognition  *jf  failure  of  controls  being  used  ?n  ship 
recovery  anc!  use  of  alternative  modes  of  activation:  c.  p.  , 
manual  activation  of  pilot  control  valves  tor  planes  and  emer¬ 
gency  blow.,  lineup  and  use  of  local  hydraulic  valves  for  planes, 
depth  control  and  steering  using  ratc-concrol  mode,  and  local 
MBT  vent  control. 


7.  Sound- powered  phones  manned  for  local  control  of  vents,  stem 
planes  and  rudder. 

3.  GOD  receive*  current  information  on  general  emergencies,  such 
as  flooding  and  fire  and  power  plant. 

9.  Immediate  decision  and  initiation  of  emergency  blow  to  surface 
or  come  to  safe  depth  upon  recognition  of  stern  plane  fail  on  dive 
or  serious  flooding. 


10.  Immediate  decision  and  initiation  of  depth  change  including 
preparation  to  emergency  ventilate  as  appropriate  to  fire,  at¬ 
mospheric  <  ontaminat..  .i,  or  radiation  casualty. 

11.  Effective  control  team  interaction  and  communications. 


51.  Fire  recogni¬ 
tion.  isolation, 
and  reporting 


J.  Immediate  sounding  of  alarm. 

Z.  Rapid  compartment  isolation. 

5.  Rapid  isolation  of  electrical  equipment  involved  or  of  materials 
feeding  fir**. 

4.  Determination  of  typ--  of  fire  and.  choice  of  prooer  type  of  fire 
extinguishing  agent. 

5.  Accurate  reporting  of  type  and  seventy  of  fire. 

6.  Area  of  protective  gear  and  emergency  breathing  apparatus. 

7.  Determination  of  need  to  einergrnc  y  ventilate. 


l.  To  ensure 
ors,  contr 
trol.  5 


2 

To  develop 
able  indica 

3. 

To  develop 
normal  au| 
action.  Ti 
normal  shi 

4. 

To  develop 
anon,  sue! 
(emergence 

5. 

To  ensure 
dicators,  c 
angle,  or  1 

6. 

To  develop 
sponses  fo 

7. 

To  develop 
rate  centre 

8. 

To  develop 
alarms,  an 
ventilation, 

9, 

To  develop 
indications 
and  DO  for 

10. 

To  develop 
tors  as  deg 
tior.s  show 

!  1. 

T «*  develop 
to  include  « 
actions. 

1  Z. 

To  develop 

13. 

T*»  develop 
effects  of  r 
envelope. 

l-i. 

To  excrcis* 

>  . 

To  ensure  : 
cation  in  al 

Z. 

To  develop 
their  asstgS 

3. 

To  develop 
lion  of  elec 

4. 

To  develop 
mg  masks  \ 

5. 

To  develop 

No  direct  <orrel*tion  exists  between  numbers  assigned  to  items  in  middle  and  right- hand  columns. 
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SECTION  IV  -  RESUETS 


IfORS  AND  SKIELS/KNOWEEDG2  REQUIREMENTS 


Skills/fcnowlcrfge 


Subsection  Three 


gydrauiic 


s  of  niis- 
e  emcr- 
ate  in 
!h  stern 
nsate 


i  fail  on 
Eatibility 

jbioms  by 
Si.  and 


*  rv^. 


£ 

k>,  <uch  j 


'J. 

A-: 


>;  - , 
'■-y: 


jteria?? 


T  ensure  high  degree  of  tracui.|{  apuhility  by  pianesnirn  so  that  eve  a  of  malfunction  from  indicat¬ 
ors,  control  system-  or  afrit?  feel  are  not  confounded  with  erratic  or  improper  planes  or  depth  con¬ 
trol  . 

To  develop  ir.  pSaoesmen  and  DO's  oroper  scanning  habile  ana  ability  to  shift  Attention  UMig  avail- 
able  indicators,  ibiis  avoiding  mesrnerization  by  one  indicator  or  funnel  vision 

To  develop  in  pisp-smen  and  DO's  capability  (n  rapidiy  swiich  menial  sets  from  one  appropriate  for 
normai  automatic  maneuvering  control  f AMC).  or  one-man  control  to  one  appropriate  for  emergency 
action.  This  includes  prompt  and  discriminating  reaction  to  alarms,  abnormal  indications,  or  ab¬ 
normal  snip  motion 

To  develop  :n  pfanesmen  and  BCPO  perceptual  motor  capability  to  shift  io  alternate  modes  of  oper¬ 
ation,  such  as  .ate  control,  manual  overrides  for  emergent y  blow  or  plane  control,  and  loral 
(ernergeacyt  manual  control  of  pit.  es,  rudder,  aw*  vents. 

To  ensure  in  DO's  ability  to  siiiiyte  and  maintain  trim  control  so  that  cues  of  malfunction  from  in¬ 
dicators,  control  system,  or  ship  fee]  are  not  compounded  with  heavy  condition,  dawn  angle,  up 
angle,  or  list  due  to  improper  or  unlcnowT;  trim. 

To  develop  in  planesmen  ability  to  recognise,  diagnose,  and  initiate  appropriate  corrective  re¬ 
sponses  for  stern  plane,  fsirwater  pur.-s,  and  rudder  casualties. 

To  develop  in  DO's  ability  to  recogni.ee,  dragtiose,  and  direct  rerrective  action  fttr  depth  and  depth 
rate  ccdlrol  problems  due  to  indications  of  stern  planes,  fitrwslrr  planes,  or  rodder  «*c»«!ra. 

1*i  develop  in  DO's  ability  to  initiate  ship  control  actions  in  response  Jo  general  emcrgrcctcfi 
alarms,  and  as  directed  h;  OOP.  This  includes  emergent  y  surface,  depth  change  for  emergent  l 
ventilation,  and  depth  change  to  ordered  depth 

To  develop  in  OOD’s/cojinirg  officers  ability  to  scan  and  monitor  ship  control  indications  and  BC1* 
indications  and  evaluate  ship  perf'>rma-*:c  to  detect  abnormal  ship  status,  to  monitor  BC P  operator 
ami  DO  for  performance  that  if.  inconsistent  with  ship  safety  and  tactical  si*<iati«n. 

To  develop  ><i  DO's  and  OOD’s  appreciation  of  ts'r  operating  envelope  for  chip  lORibisiC-s  cult:  fac¬ 
tors  is  depth,  speed,  buoyancy  powerpiant  lineup,  depth  rate,  and  tactical  situation-  Demotist ra¬ 
tions  show  relationship  between  initial  conditions  and  seriousness  o!  casualty  effects. 

To  develop  in  DO’s  and  OOD’s  understanding  of  various  corrective:  actions  and  combination*  thfred 
to  include  effect  of  al’crnate  actions  on  recovery  and  limitations  and  implications  of  use  of  rrwefy 
actions. 

To  develop  in  OOD's  skill  to  initiate  ex  ped  ill  cm  sly  proper  casualty  control  procedures. 

To  develop  in  stern  p!ar.»fir.m,  helmsman,  BCPO.  DO.  and  QOD  skill  in  evaluating  the  progressive 
effects  '  recover,-  action  and  performance  of  ioliow-up  actftfR  necessary  to  restore  -afe  operating 
envelope. 

To  evercisc  the  control  team  !n  effective  interaction  and  ronimumcaiioe*. 

To  ensure  ail  personnel  have  knowledge  of  nearest  location  o!  comim-nivat  lons/a  la  mis  frc.in  any  lo- 
casum  in  all  levels  af  cacti  compartment. 

To  develop-  in  all  personnel  knowledge  of  ai!  combustibles  or  electrical  sources  of  fire  m  any  part  oi 
thetr  r.ssigned  watc  h  station. 

To  d-vrlop  In  wa’rhs  lander?  knowledge  of  equipment  arrangement,  controls,  and  location  for  isola¬ 
tion  of  electrical  ccpripmeiit  or  c omfci.stibie  maicrials  involved  :n  a  fire. 

To  develop  in  ail  watchs landers  knowledge  of  location  »»*  file  extinguishers,  protective  gear,  breath¬ 
ing  masks  in  all  compartments. 

To  develop  in  watchstanders  ability  to  judge  the  severity  of  llie  fire. 


Iht-haml  columns 


23-24 


mstMto: 


TABLE  I  -  CRITICAL  FACTORS  AND  SKILLS/RN< 


Training  category 


Critical  factors 


1SS.  Flooding 

recognition, 
isolation,  and 
reporting 


IV.  Atmospheric 
contamination 
recognition, 
isolation,  and 
reporting 


V.  Prcfvilsio.. 
casualty 
ship  control 
effects 


VI.  Electrical 

casualty  rec¬ 
ognition,  iso¬ 
lation,  and 
reporting 


V21.  Ships  systems 
monitoring 


1.  Immediacy  of  report, 

2.  Distinction  among  lcsiser,  Hooding,  and/or  emergency  flooding. 

3.  Optimum  lineup  of  affected  systems  to  optimize  recovery  capa¬ 
bility. 

4.  Time  to  isolate  flooding. 

5.  Follow  up  watchsiandef**  report. 


1.  Detection  and  identification  of  toxic  gas. 

2.  Iterate  and  eliminate  the  source  ef  toxic  gas. 

3.  Iso, ate  the  affected  compartment. 

4.  Implement  emergency  air  revitalization  or  ventilation  as  approp¬ 
riate. 

5.  Break  out  and  don  (if  required)  emergency  breathing  system 
(E3SJ  masks. 

1.  Immediate  report  of  system  status  io  control. 

2.  Lmeup  to  minimize  effects  of  flooding  in  main  seawater  (MSW) 
system. 

3.  Lineup  to  optimize  propulsion  acceleration- speed  time  for  re¬ 
covery  from  flooding. 

1.  Detection  of  impending  or  existing  casualty  by  observation  and 
knowledge  of  equipment. 

2.  Rapid  e-  atinn  of  equipment  function,  level  of  isulallon  re¬ 
quired,  and  personal  ability  to  properly  isolate. 

3.  Immediate  decision  to  isolate  a,«d  report,  or  report  and  isolate, 
on  command. 

None  except  as  applicable  items  of  I  through  VI  above. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 


To  devel; 
flooding. 

To  dcvrlj 
sources 

To  develj 
sources 
adjacent 

To  devel 
quick  fiscJ 

To  drvrii 
ana  of  op( 

To  devel 
electricaj 

To  develd 
and  local] 
ference  tl 

5.  To  devela 
formaldc] 
hydrogen 

2.  To  ensur 
watch  art] 

3.  To  tearh 

4.  To  decclJ 
emergen  <3 

1.  To  tcarhl 

C2pabi!ity| 

2.  To  exert 
casualtii 


1. 

2. 

3. 

4. 

2. 


To  provi 
To  tcacr 
To  provi 
To  ensui 

To  detect] 
To  know  C 
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AND  SKILLS/KNOWLEDGE  REQUIREMENTS  (Continued} 


Hooding. 

capx- 


i(MSW) 


and 


isolate. 


Sfcills/knowledge 

1.  To  develop  in  all  personnel  the  ability  to  recognise  the  various  manifestations  of  high-pre»sure 
flooding,  impingement,  and  vaporization. 

2.  To  develop  in  all  qualified  watchstanders  knowledge  of  functional  flow,  hull  openings,  and  other 
sources  of  flooding  by  physical  location  within  compartments. 

3.  To  develop  in  all  personnel  knowledge  and  visual  memory  nrcessary  lo  isolate  or  retard  all  possible 
sources  of  flooding.  This  applies  to  hull  and  backup  steps  ua  well  i<  to  subsafe  control  panels  m 
adjacent  compartments  or  levels  within  compartment. 

4.  To  develop  in  all  personnel  knowledge  of  what  systems  would  be  affected  directly  by  flooding  and 
quick  fixes  or  improvisations  to  protect  ersential  systems  from  flooding  damage. 

5.  To  develop  in  watchstanders  knowledge  of  system  effects  due  to  various  flooding  isolation  actions 
and  of  c.ptimum  lineups  to  optimize  residual  ship  control  capability  - 

6-  To  develop  in  watchstanders  perceptual  motor  shill  to  isolair  correctly  affected  systems,  such  as 
electrical  units  or  circuits,  and  achieve  the  ep.imum  i incup  for  continued  ship  recovery  capability. 

7.  To  deve'op  in  watchstanders  capability  to  properly  communicate  initial  reports  o'  Heading  nature 
and  location,  plus  amplifying  status  reports  under  conditions  of  stress,  poise,  and  physical  inter¬ 
ference  between  the  man  aoJ  phone  station. 

1.  Tc  develop  in  all  hands  a  recognition  of  the  following  gases:  aerolein.  amine,  ammonia,  chlorine, 
formaldehyde,  hydrogen  chloride,  monaethylamine,  ozone,  phosgene,  selenium,  sulfur  dioxide, 
hydrt-gen  fluoride. 

2.  To  «rn»ure  all  personnel  know  location  of  nearest  communication  box  from  any  point  within  various 
watch  areas. 

3.  To  teach  location  of  matr  rials  and/or  controls  required  for  emergency  revitalization. 

4.  To  develop  requisite  skills-  antj  knowledge  including  for  BCPO  and  local  personnel  lor»  actions  for 
emergency  ventilation. 

1.  To  teach  command  and  control  offirers  whs  are  net  nuclear  trained  to  properly  evaluate  residual 
capability  of  propulsion  system  upon  report  of  system  casualties  and  status. 

2.  To  exercise  control  officers  to  solve  ship  control  problems  In  combination  with  propulsion  system 
casualties. 

1.  To  provide  knowledge  to  all  personnel  of  fundamental  electrical  malfunction  indieatstmx. 

2.  To  teact-  alj  personnel  location  ~f  electrical  isolation  hexes. 

3.  To  provide  all  hands  understanding  of  equipment  function  in  overall  elec- rival  system. 

4.  To  ensure  correct  communications  by  all  hands  with  necessary  personnel. 

1.  To  detect  malfunctions  based  on  loval  indicauanfs)  at  3CP- 

2.  To  know  location  of  components  controlled  and/or  operated  Iron.-  BCP. 

3.  To  understand  effect  of  each  malfunction  on  systemjs)  and  ship  operations. 

4  To  understand  and  implement  alternate  methods  or  modes,  if  available,  for  ac  rcitipitxHmg  each  fast 

5.  To  report  malfunctions  to  the  OOD  and  HO  or  other  superior  officer. 

To  direct  local  watchstanders  to  take  corrective- action  vie  most  direct  vomizu-icitiost  sysb  iz. 

7.  uxai  personnel  must  detect  malfunctions  based  eh  indication*. 

8.  Local  watcl.staede -s  must  understand  hour  local  component  failure  affects  lo;st  z/aieRJ f»)  awl  ship 
operations. 

9.  Local  watchstanders  must  have  capability  ?o  shift  lo  alternate  modes  of  occratioti  a«*t/c«-  isoUtv 
components /ays  terns  a»  directed  by  senior  control  stations  or  ay  required  in  a  vussolty  siiuali-in. 

10.  Local  personnel  must  report  changes  in  status  to  control  or  maneuvering  as  appropriate  via  most 
direct  communication  system. 


l'haiui  columns. 
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SECTION  IV 
RESULTS 

Subsection  Four 
Training  Methods  Analysis 


1.  BASIC  CONSIDERATIONS 
,  il*  General 


The  Training  Requirements  Analysis  developed  those  critical  fac¬ 
tors  of  casualty  control  for  which  training  must  be  provided.  The 
next  step  was  to  determine  the  methods  by  which  these  critical  fac¬ 
tors  should  be  taught,  but  first  it  was  necessary  to  consider  the  fol¬ 
lowing  subject  areas  as  they  relate  to  training  submarine  personnel: 

1.  Levels  and  locat’ins  of  training 

2.  Objectives  of  training  at  each  level 

3.  Previous  personnel  training  and  experience 

4.  Training  cycles  and  opportunities  fo>  training 

These  are  discussed  in  Items  b  through  s,  below.  The  specific 
training  methods  required  are  then  discussed,  beginning  with  Item  7 
below.  ° 


b.  Levels  and  Locations  of  Training 

|  {!)  General 

¥ 


I  © 

i  w 


V<r 


Casualty  control  training  can  be  taught  profitably  at  the  basic,  inter¬ 
mediate,  snd  advanced  levels  using  present  submarine  facilities  at 
the  Basic  Submarine  School,  New  London*  Conn. ;  Submarine  Trail¬ 
ing  Commands;  and  training  facilities  which  should  be  provided  for 
sSBN  eff-duty  crews  and  SSN  crews  during  overhaul  and  upkeep  cycles 
a*  such  bases  as  San  Diego,  Norfolk,  and  Key  West.  Also,  fcraia- 
by  oxamiu&vion  ssd  study  and  drills  aboard  ship  ace  obviously 
mandatory, 

Basic  training  is  divided  into  two  categories:  (1)  basic  training,  as 
provided  at  the  Basic  oubmarhse  School,  and  (2)  xefresher/orienta- 
tion  and  upgrading  training,-  as  provided  at  the  Submarine  Training 
Commands  and  Bases. 

Basic  Casualty  Control  Training 

The  general  objectives  of  basic  casualty  control  training  are  to 
train  personnel  in  the  principles  02  submarine  construction  as  rs- 
laied  to  mode  of  failure;  systems  and  operation  (characteristics, 
iaeir  failure  modes,  cite  mate  operating  modes,  generally  their 
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interplay  with  casualty  control)  casualty  causes;  effects;  basic  re¬ 
covery  and/or  control  procedures;  and  the  effects  of  recovery  ac¬ 
tion  on  the  ship  operating  envelope  and  systems.  Personnel  are 
not  trained  during  basic  training  in  the  exact  procedures,  charac¬ 
teristics  or  operating  methods  of  the  particular  submarine  to  which 
they  will  be  assigned  upon  completing  the  course.  This  in  itself 
would  be  a  formidable  task,  since  there  are  a  number  of  different 
principal  classes  of  submarines  plus  several  subclasses  within  the 
principal  classes. 

Presently,  it  is  understood  that  31  hr  are  devoted  to  damage  control 
training  at  the  Submarine  School.  The  subjects  covered  are  organi¬ 
zation,  equipment  characteristics,  smoke  room  (demonstration) , 
flooding  demonstration  (300  psi),  flooding  and  stern  plane  casualty 
anaiysis,  hull  strength  design  (including  sub  safe  features),  fire, 
atmospheric  contamination,  collision,  weapons  casualties,  welding 
and  brazing,  flex  hoses,  and  electrical  casualties. 

(3)  Orientation  and  Refreshes-  Training 

Upon  completion  of  Basic  Submarine  School  and  assignment  to  a  sub¬ 
marine.  personnel  should  receive  additional  instruction  in  systems, 
arrangements,  and  procedures  peculiar  to  that  submarine.  Per¬ 
sonnel  also  will  he  required  to  "modify1’  some  of  the  instructions 
received  at  the  Basic  Submarine  School  because  of  the  differences 
between  generalized  submarines  and  the  specific  submarine.  This 
will  also  apply  tc-  submariners  being  assigned  to  another  class  of 
submarine,  since  it  is  virtually  impossible,  regardless  of  experi¬ 
ence  level,  to  know  the  differences  between  all  submarines. 

The  novice  submariner,  the  qualified  submariner  being  transferred 
from  one  class  to  another,  and  the  qualified  submariner  returning 
from  a  nonoperating  billet  are  faced  with  similar  problems  ir»  that 
they  must  lestrn  new  sy-atemo,  arrangements,  characteristics,  and 
procedures  for  their  new  submarine. 

A  submariner  can  be  provided  the  necessary  orientation  or  refresher 
training  by  reporting  directly  to  his  new  submarine,  the  only  method 
presently  available.,  or  be  assigned  to  a  submarine  training  command 
for  a  formal  course  cf  instruction  of  approximately  one  week. 

The  presently  "used  method  is  advantageous  in  that  personnel  will  be 
experienced  in  the  actual  ship  environment  with  which  they  will  be 
associated  for  approximately  two  years.  This  method  has  its  dis¬ 
advantage  ih  that  personnel  will  ha  vs  very  little  prior  casualty  con¬ 
trol  skill  or  knowledge  that  is  specific  to  their  new  assignment  and 
will  not  be  in  a  position  to  react  proparly  even  though  they  may  be 
expected  to  do  so.  In  addition,  these  personnel  detract  from  the 
submarined  operational  readiness  and  effectiveness,  since  experi¬ 
enced  personnel  will  ba  raor-a  error  prone  due  to  the  stress  of  a 
heavy  work,  load  and  extra  training  duties  while  the  new  men  axe  be¬ 
ing  qualified- 
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The  second  method  (shore  training)  would  be  advantageous  in  that 
personnel  would  receive  training  in  port  while  the  submarine  was 
undergoing  patrol  preparation  and  thus  would  report  to  the  sub¬ 
marine  with  a  greater  degree  of  familiarity.  This  increased  fa¬ 
miliarity  would  reduce  the  time  spent  in  an  unproductive  capacity 
by  newly  assigned  personnel  aboard  the  submarine  and  the  time  re¬ 
quired  by  experienced  personnel  to  stand  port-starboard  watches 
and  to  train  inexperienced  personnel.  This  course  would  familiar¬ 
ize  personnel,  with  respect  to  a  specific  submarine  class,  in  sub¬ 
merged  and  surfaced  handling  characteristics,  operational  capa¬ 
bilities  and  limitations,  casualty  control  systems  lineups,  and 
casualty/emergency  control  and  recovery  procedures. 

(4)  Upgrading  Training 

Since  the  number  of  officer -type  watches  aboard  a  nuclear  sub¬ 
marine  has  increased,  with  a  very  small  increase  in  officer  man¬ 
ning,  it  has  been  necessary  aboard  SSBN's  to  employ  petty  officers 
(PO’s)  in  the  capacity  of  Diving  Officers  cf  the  Watch  (DOOW),  Al¬ 
though  the  submarine  experience  level  of  PO’s  is  greater  than  that 
of  the  junior  officers  (JO'3>  whom  they  have  replaced,  they  have 
not  been  given  any  formal  training  in  principles  of  submarine  oper¬ 
ation  and  construction  or  practical  operations  in  trim  control  and 
analysis,  compensation,  ship  control  casualty,  and  emergency  con¬ 
trol  and  recovery  procedures.  The  present  "under  instruction" 
method  of  training  PO's  in  the  duties  of  a  DOOW  takes  two  to  six 
months  of  standing  at  least  two  watches  a  day  during  underway 
periods. 

During  interviews  with  the  JO‘s  and  PO’s  qualified  to  stand  watch 
as  DOCW's,  neither  group,  in  the  opinion  of  the  investigators,  had 
a  sufficient  appreciation  for  the  criticality  of  this  position.  Inade¬ 
quate  skill  was  in  evidence  in  the  DO/planesman  interaction,  in  ade¬ 
quate  understanding  of  the  time  factors  in  casualty  recognition  and 
control/recovery  action,  and  in  knowing  the  differences  in  correct 
control/ recovery  action  sequences  for  casualties  at  different  depths 
and  speeds. 

Several  methods  appear  appropriate  for  training  personnel  for 
DOOW  duties.  The  first  and  present  method  is  to  conduct  the  train¬ 
ing  aboard  the  submarine;  the  second  would  be  a  formal  course  of 
instruction  at  a  submarine  training  facility.  In  either  case,  princi¬ 
pal  emphasis  should  be  placed  on  submerged  and  casualty  control 
training  so  that  the  prospective  DOOW  would  be  highly  proficient  in 
performing  the  functions  and  procedures  for  which  he  is  responsi¬ 
ble  while  the  ship  is  operating  at  highly  critical  speeds,  depths, 
etc. 

Although  the  advantages  and  disadvantages  of  these  methods  are 
similar  to  those  for  the  refresher  training,  one  significant  ad  van-  . 
tage  of  (and  mandatory  reason  for)  shore -based  training  is  that  a 


NAYTRADEVCEH  1813*1 


SECTION  IV  -  RESULTS 


Subsection  Four 


group  of  prospective  DOOW's  could  be  brought  together  to  work  as 
a  submarine  control  team,  in  a  manner  similar  to  that,  used  in  the 
basic  officer's  course.  This  teamwork  would  provide  a  better  ap¬ 
preciation  for  the  interrelationships  and  responsibilities  of  each 
member. 

Through  the  judicious  use  of  ship/casualty  control  trainers,  per¬ 
sonnel  could  reach  a  reasonably  proficient  level  in  approximately 
two  weeks.  Even  though  it  would  be  a  disadvantage  to  relieve  the 
PO's  of  their  extensive  technical  and  administrative  duties  aboard 
ship  for  two  weeks,  much  more  time  would  be  saved  in  the  total 
qualification  time  per  man.  Finally,  simulator  training  ashore  is 
essential  to  provide  prospective  DOOW's  experience  in  handling 
casualty  situations  into  which  the  ship  cannot  be  reasonably  placed. 

Another  vital  member  of  the  ship  control  party  for  whom  formal 
upgrading  training  is  not  provided  is  the  3CPO.  Although  he  has 
an  adequate  understanding  of  the  basic  operations  of  the  individual 
systems  controlled  from  the  BCP,  it  is  essential  that  he  receive 
training  at  a  shore-based  facility  in  casualty  ddtection,  decisions, 
emergency  lineups,  and  communications  in  which  he  cannot  be 
exercised  aboard  ship.  He  should  also  receive  training  in  the  gen¬ 
eral  functions  of  the  COW  and  standby /backup  DOOW  functions. 

{5}  Intermediate  Training 

As  defined  herein,  intermediate  training  should  take  place  after  the 
completion  of  basic/refresher  training  through  the  first  few  weeks 
of  ship  assignment  during  the  SSBN  off-duty  cycle  and  during  SSN 
overhauls  and  upkeep  cycles.  It  should  also  include  the  first  few 
weeks  of  assignment  after  shore  duty  or  duty  on  another  type  of 
submarine,  for  example,  diesel  versus  nuclear.  The  general  ob¬ 
jective  would  be  to  provide  advanced  individual  task  and  elementary 
team  training  for  all  watchstanders  associated  with  casualty  con¬ 
trol.  Training  should  stress  the  learning,  relearning,  or  " over¬ 
learning"  of  specific  knowledge  and  skills  necessary  for  the  proper 
performance  of  a  duty  assignment  aboard  a  particular  ship.  This 
should  include  systems  interrelationship,  systems  operating  and 
casualty  control  procedures,  and  elementary  team  training.  Em¬ 
phasis  should  be  on  the  development  of  individual  skills  to  3uch  a 
degree  that  on  detecting  a  casualty  not  only  would  an  immediate  re¬ 
action  occur  but  such  a  reaction  would  be  adapted  to  fit  the  overall 
situation,  that  is,  operating  envelope,  tactics,  navigational  factors, 
and  special  instructions.  This  would  require  much  more  knowledge 
and/or  skill  than  just  knowing  and/or  carrying  out  the  pr  o  vis  ions /- 
procedures  of  the  ship  emergency  and  compartment  bills. 

It  is  highly  desirable  to  incorporate  intermediate  casualty  control 
training  as  an  augmentation  of  the  training  and  qualification  pro¬ 
grams  not  strictly  associated  with  casualty  control.  For  example, 
to  isolate  the  inrush  of  water  it  is  necessary  to  know  which  valve 
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to  close  and  the  location  of  the  valve  or  alternate  (such  as  sub  safe 
remote  control  panels)  method  of  operation.  It  is  also  necessary  to  in- 
struct  personnel  in  evaluating  the  actual  or  potential  severity  of 
the  flor  'mg.  This  can  be  accomplished  only  when  the  man  at  the 
scene  knows  the  equipment  in  the  vicinity,  effect  on  other  systems, 
floodable  volume  of  the  compartment,  and  other  pertinent  variables. 
Also,  advanced  individual  casualty  control  training  can  be  accom¬ 
plished  only  when  the  individual  has  experienced  the  sensible  mani¬ 
festations  of  different  rates  of  flooding  and  can  rely  on  his  memory 
of  the  experience  as  an  anchor  point  in  subjectively  scaling  the  rate 
of  flooding. 

(6)  Advanced  (Team)  Training 

Advanced  training  for  some  of  the  less  critical  submarine  casualty 
control  operations  can  take  place  aboard  the  submarine.  However, 
drills  in  combating  the  more  severe  casualty  situations  cannot  be 
allowed  for  reasons  of  personnel  and  ship  safety.  Severe  effects 
due  to  inefficient  handling  of  the  casualty  cannot  be  permitted. 
Casualty  drills  must  be  carried  out  within  operating  limits  im¬ 
posed  by  the  SUBSAF  program  and  patrol  objectives.  Casualties 
cannot  be  compounded,  and  the  wide  varieties  of  failure -mode 
situations  which  pose  problems  of  judgment  and  discriminating  ac¬ 
tions  cannot  be  presented  to  crews  aboard  ships.  For  effective  ad¬ 
vanced  training,  high-fidelity  training  devices  are  needed. 

Training  during  this  phase  would  stress  learning  by  doing  to  gain 
the  specific  skills  and  the  knowledge  required  to  operate  the  ship 
proficiently,  as  well  as  stress  the  individual's  position  as  a  mem¬ 
ber  of  a  team  during  normal  and  emergency  operations.  This 
would  be  accomplished  by  actually  operating  the  simulated  equip¬ 
ment  and  systems  (including  communications)  involved  through 
participation  in  a  training  program  on  an  advanced,  casualty- 
equipped,  dynamic  simulator. 

As  a  member  of  the  ship  control  party,  the  OOD  is  the  single  most 
important  person  as  he  must  be  continuously  aware  of  the  subma¬ 
rine’s  operational  capabilities  and  limitations,  of  ship  systems 
status  (for  example,  power- plant  lineup),  the  tactical  environment, 
mission  objectives,  and  navigation  factors.  He  also  must  receive 
and  evaluate  ail  initial  and  amplifying  casualty  reports.  He  not 
only  must  make  immediate  and  correct  decisions  as  to  the  most 
'appropriate  ship/casualty  control  action  to  be  taken  but  give  (or 
delegate  authority  for)  the  necessary  orders  and  commands  to 
rectify  the  situation. 

Although  the  OOD's  authority  and  responsibilities  have  not  changed 
much  in  modern  submarines,  the  problems  confronting  him  have 
increased  significantly.  Some  of  these  problems  are: 

l.  His  experience  level  is  generally  lower  than 
in  the  posts' 
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2.  Much  less  time  is  available  to. make  correct 
decisions,  because  of  the  increased  oper¬ 
ational  capabilities  (depth  and  speed). 

3.  Systems  are  more  complex  to  understand, 
operate,  and  evaluate,  and  he  must  super¬ 
vise  ship  control  -  on  a  time-snared  basis 
with  other  supervisors  -  of  other  systems  of  a 
highly  technical  nature  that  are  vital  to  the 
ship's  patrol  objectives. 

4.  Experience  and  qualifications  of  other  team 
members,  upon  whom  he  must  rely  for  in¬ 
formation  and  action,  are  generally  lower 
than  in  the  past;  for  example,  DO's  are  not 
now  trained  in  principles  of  ship  operation. 

Although  the  OOD's  task  loading  has  increased  significantly,  a  pro¬ 
gram  of  training  to  qualify  him  better  to  cope  with  the  more  com¬ 
plex  and  critical  casualties  is  minimal. 

The  present  training  is  gent  rally  limited  to  that  gained  on  a  self- 
taught  individual  basis  and  in  a  few  types  of  casualty  drills  that 
may  be  conducted  aboard  ship. 

Since  complex  casualties,  in  which  critical  decisions  are  made  by 
the  OOD,  cannot  be  realistically  simulated  from  the  standpoint  of 
behavior  requirements  aboard  the  ship,  and  since  these  decisions 
are  based  on  information  received  from  other  ship- control-party 
members,  it  is  felt  that  the  OOD  should  be  trained  along  with  and 
as  a  member  of  the  ship  control  party,  not  as  an  instructional  ad¬ 
viser  and  observer. 

c.  Objectives  of  Training  at  Each  Level 

(1)  Basic  Casualty  Control  Training 

Basic  casualty  control  training  would  be  accomplished  at  the  sub¬ 
marine  school  and  should  be  given  to  all  JO's  and  enlisted  men. 
Thi3  training  would  cover  the  following  as  they  relate  to  ship  con¬ 
trol  and  general  emergencies? 

1.  Typical  construction  -  hull  shape(s),  sizes, 
reinforcements,  and  openings  with  associ¬ 
ated  flooding  manifestations 

2.  Functions  and  operating  characteristics  of 
systems  -  emergency  modes  of  MBT  blow, 
hydraulics,  hovering  (or  negative  tank)  sys¬ 
tems,  etc. 

3.  Basic  ship  control  -  use  and  meaning  of  in¬ 
struments,  basic  skill  in  positioning  planes, 

AMC  failure  modes,  fundamental  control- 
display  relationships,  control  modes,  etc. 
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4.  Principles  of  ship  operations  (officers  only)  - 
stability,  trim  analysis  and  control,  and  the 
equilibrium  polygon 

5.  Control  surface  casualties  -  failure  modes 
and  effects 

6.  Recognition  of  visual  indications,  recognition 
of  auditory  alarms,  knowledge  and  rudimen¬ 
tary  skills  in  basic  reactions  to  casualty  indi¬ 
cations 

7.  General  emergencies  -  recognition,  nature 
and  effects,  basie  reactions,  and  alternatives 

8-  Casualty  effects  -  modes  of  failure,  nature 
and  order  of  magnitude  of  effects,  and  rela¬ 
tive  effects  of  available  corrective  reactions; 
relationship  of  the  preceding  to  ship  control 
given  different  sets  of  initial  conditions,  such 
as  depth,  speed,  and  tactical  situation 

9.  Communications  -  standard  format,  proce¬ 
dures,  and  critical  implications  of  use  during 
an  emergency 

An  examination  of  these  items  will  show  that  basic  casualty  skill 
and  knowledge  requirements  are  inextricably  interwoven  with  nor¬ 
mal  operating  requirements.  Having  the  ship  under  effective  con¬ 
trol  and  exercising  proper  surveillance  is  essential  for  the  preven¬ 
tion  of  casualties  and  effective  reaction  to  casualties  once  they  oc- 


Orientation  and  Refresher  Training 

Personnel  should  be  required  to  attend  an  orientation  and  refresher 
training  course  prior  to  reporting  to  their  assigned  submarines. 
This  training  will  be  accomplished  at  a  submarine  training  com¬ 
mand  for  personnel  having  just  graduated  from  basic  submarine 
school  and  for  all  officers  and  enlisted  men  who  are  programmed 
for  return  to  sea  duty  after  a  long  period  of  shore  duty  or  overhaul. 

Training  content  to  meet  this  requirement  is  the  same  as  that  speci¬ 
fied  for  basic  training  except  that  the  training  will  be  shortened  in 
time  and  oriented  to  the  particular  type  of  submarine  to  which  the 
individual  has  been  as  signed. 

In  addition,  as  a  general  requirement,  some  of  the  training  content 
from  basic  schooling  needs  to  be  presented  periodically  to  active- 
duty  personnel.  As  an  example,  personnel  need  to  be  exposed  to  a 
presentation  of  flooding  effects  at  intervals  of  one  to  two  years,  not 
only  to  ensure  proper  adaptation  and  judgment,  but  also  to  present 
the  results  of  up-to-date  research.  Another  example  of  refresher 
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training  is  the  retraining  of  ship  control  personnel  in  the  proper 
use  of  diving  panel  indications  (see  Section  V,  Subsection  Two, 

Item  3). 

(3)  Upgrading  Training 

Upgrading  requirements  occur  with  respect  to  senior  enlisted  per¬ 
sonnel  being  trained  as  DO's  and  BCPO’s.  This  training  will  be 
accomplished  at  a  submarine  training  command  facility.  Both  the 
DO's  and  BCPO's  will  need  to  be  trained  in  the  basic  principles  of 
submarine  operation  (for  example,  trim  control  and  the  equilibrium 
polygon),  in  construction,  and  in  system  interactions.  The  DO 
students  will  also  be  required  to  learn  the  basic  procedures  for 
command  at  the  diving  station.  This  will  require  practical  oper¬ 
ations  in  trim  control,  compensation,  ship  control,  and  casualty/- 
emergency  control  and  recovery  procedures. 

The  BCPO  students  will  be  required  to  learn  the  basic  procedures 
for  operating  the  ballast  control  panel.  This  includes  the  capability 
to  relate  malfunctioning  remote  controls  to  local  control  at  various 
watchstander  positions  aboard  the  ship. 

(4)  Intermediate/Transition  Training 

As  conceptualized  by  the  investigators,  intermediate/transition 
training  is  the  earliest  phase  of  training  in  which  fidelity  of  simu¬ 
lation  becomes  a  matter  of  serious  concern.  In  this  phase,  per¬ 
sonnel  first  reporting  to  a  ship  or  transferring  to  a  ship  of  a  dif¬ 
ferent  class  will  receive  intensive  training  in  the  tasks  they  will  be 
required  to  perform  aboard  the  ship.  This  will  involve  the  develop¬ 
ment  of  individual  perceptual-motor  skills,  judgments,  and  com¬ 
munications.  A  complex  dynamic  trainer  will  be  required  for  train¬ 
ing  members  of  the  ship  control  party. 

Objectives  to  be  satisfied  during  this  phase  of  training  are  as  fol¬ 
lows: 

1.  To  develop  a  high  level  of  capability  relative 
to  scanning  the  ship's  instruments  and  the 
detection  of  emergency  situations.  Poor  fi¬ 
delity  in  simulating  instrument  arrangement 
and  readouts  will  affect  scanning  habits  and 
may  prove  harmful  when  transfer  is  made  to 
the  operational  station,  particularly  since 
both  timing  and  discrimination  are  critical 
on  the  diving  stand  and  the  ballast  control 
panel. 

E.  To  develop  motor  responses  to  emergencies 
to  a  high  level  cf  automaticity.  By  incor¬ 
rectly  reaching  to  and  operating  the  wrong 
switch,  the  operator(s)  would  cause  a  new 
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hazard  to  the  ship.  This,  or  a  delay  due  to 
perseverance  of  an  inappropriate  habit, 
could  seriously  jeopardize  the  safety  of  the 
ship.  Physical  simulation  of  control  charac¬ 
teristics  and  arrangement  is  important  to  en¬ 
sure  that  students  experience  authentic  kines¬ 
thetic  propioceptive  and  tactile  cues  while 
locating  and  manipulating  controls.  This  is 
very  important  in  achieving  a  high  degree  of 
proficiency.  These  cues  must  be  developed 
so  as  to  be  identical  when  personnel  transfer 
from  the  trainer  to  the  ship. 

3.  To  become  closely  attuned  to  the  accelerations 
and  motions  of  the  ship  as  produced  by  both 
the  casualty  and  corrective  action.  This  is 
required  for  ship  control  personnel,  particu¬ 
larly  the  DO  and  OOD.  Motion  and  accelera¬ 
tion  furnish  significant  cues  to  the  ship  control 
personnel  both  as  indicators  of  problems  and 
as  information  for  judging  progress  of  recovery 
action.  Whether  or  not  emergency  reaction 
time  will  allow  DO's  and  OOD's  to  wait  for  the 
cues  furnished  by  ship  "feel"  will  depend  upon 

(  such  factors  as  speed  and  depth.  Near  the  sur¬ 

face,  they  might  wait.  Thus  the  meaning  and 
use  of  these  cues  as  learned  in  the  trainer  must 
be  the  same  as  on  the  ship. 

4.  To  learn  ship  response  to  recovery  actions  and 
magnification  of  problems  by  compounding  of 
casualties  due  to  errors  in  the  face  of  failures 
of  various  types  and  magnitude.  This  must  be 
learned  for  the  mosajiart  on  a  trainer,  since 
drills  in  severe  casualties  cannot  be  experi¬ 
enced  safely  on  the  ship.  Correct  ship  re- 
eponse  is  vital  in  learning  the  liihdfs  that  can 
be  taken  into  account  in  judgments.  These 
judgments  also  must  cover  alternative  actions 
and  delays  that  may  be  desirable  from  the 
standpoint  of  the  tactical  situation,  navigational 
factors,  mission  objectives,  and  special  in¬ 
structions. 

{5)  Advanced  Training 


The  first  objective  of  advanced  training  is  to  train  teams.  Within 
the  scope  of  the  present  study,  this  applies  mainly  to  the  ship  con¬ 
trol  party.  What  will  be  learned  are  the  essential  team  interac¬ 
tions  and  the  responsibilities  among  team  members.  It  is  of  par¬ 
ticular  importance  that  individuals  learn  fee  conditions  under  which 
tLey  will  perform  backup  functions  for  another  team  member. 
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The  responsibilities  of  the  helmsman/plane  smart  versus  the  DO  are 
a  case  in  point  where  discrepancies  exist  in  the  understanding  of 
some  existing  teams.  It  is  also  important  that  team  members  with 
overlapping  responsibilities  learn  the  factors  which  govern  perform¬ 
ance  of  those  responsibilities  under  emergency  conditions.  For  ex¬ 
ample,  under  certain  conditions  the  DO  may  taxe  over  emergency 
rudder  control.  Such  involvement  in  problem  details  is  generally 
frowned  upon  and  mcstjtimes  should  be  avoided. 

Other  objectives  of  advanced  training  are  to  develop  high  levels  cf 
proficiency  in  individual  skills  and  decision  -making.  It  is  desired 
that  teams  develop  the  capability  to  deal  with  the  most  severe  types 
of  casualties  and  combinations  of  casualties. 

Considerations  relative  to  fidelity  of  simulation  in  the  control  train¬ 
ing  environment  are  the  same,  as  those  for  interm ediafce / transition 
training.  For  normal  performance,  tfie  differences  between  ciaasss 
of  ships  are  not  sufficient  to  prevent  an  individual  trained  os  one 
from  performing  adequately  on  another,  but  they  are.  critically  dif¬ 
ferent  when  it  comes  to  acting  in  as  emergency. 

Stimulus  situations  between  trainers  and  ships  experienced  by  wa t*fe- 
3tanders  must  be  sufficiently  similar  so  that  identical  responses 
are  called  forth.  Furthermore,  where  different  responses  are  re- 
quiied,  the  stimuli  presented  by  the  trainer  must  be  as  clearly  dis- 
criminable  as  they  are  aboard  ship  and  highly  similar  to  those  ex~ 
perienced  aboard  ship. 

a.  Previous  Personnel  Training  and  Experience 
(1)  General 

As  part  of  the  training  requirements  and  training  methods  analysis, 
information  was  collected  to  obtain  a  basic  notion  of  levels  of  knowl¬ 
edge  and  skills  of  present  nuclear  submariners.  Although  this  was 
not  a  systematic  review*  curricula  and  guidelines  for  the  submarine 
school  and  training  commands  were  examined  and  discussed 
length.  In  addition,  interview  data  were  obtained  from  officers  and 
from  a  limited  number  of  enlisted  personnel  about  the  experience 
and  training  levels  of  watchstanders  in  the  ship  control  party. 

Tae  purpose  of  this  skill/knowledge  review  was  tc  identify  the  fol¬ 
lowing: 

1,  Skills  and  knowledge  peculiar  to  casualty 
control 

2.  Gaps  in  personnel  casualty  skills  and  knowl¬ 
edge  due  to  upgrading  transfers  between 
ships,  and  changes  *  dividual  shipboard 
assignments 
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3.  Practices  and  situations  tending  to  lead  to 
casualties  or  to  worsen  or  compound  casu¬ 
alty  effects 

4.  Need  for  extension  of  knowledge  and  sharp¬ 
ening  or  alteration  of  perceptual-motor 
skills  and  decision-making  to  make  behavior 
that  is  appropriate  for  normal  operation  suit¬ 
able  for  control  and  prevention  of  casualties 

(Z)  Personnel  Training  and  Experience  Information  Collection 

(a)  General 

The  information  that  was  obtained  on  personnel  training  and  experi¬ 
ence  doos  not  represent  a  systematic  sample,  for  two  reasons:  (i) 
a  systematic  survey  would  have  been  beyond  scope,  and  (2)  the  ex¬ 
perience/training  levels  of  personnel  presently  assigned  to  ship? 
caii  only  be  typified.  It  varies,  very  broadly,  for  a  given  ship  and 
between  £hip£,  because  of  personnel  transfers,  upgrading  (shifts 
to  more  sensitive  or  responsible  watches),  etc.  In  some  ways, 
training  and  experience  differ  systematically  between  SSBN’s  2nd 
SSN’s.  Data  were  obtained  from  the  Submarine  School,  the  Charles¬ 
ton  sud  Pearl  Harbor  Training  Centers,  and  ships  from  r-oth  CGM- 
SUDLANT  and  COMSUBPAC. 

(b'i  55N  Training  end  Experience 

The  order -of -magnitude  estimates  for  training  and  experience  for 
S3N  waiefcetanaer  positions  considered  in  this  study  are  as  follows: 

1.  Plane  smen  have  received  6  to  48  hr  of  trainer 
time  and  have  served  for  a  period  of  from  no 
experience  to  One  year  of  experience. 

2.  3CFG‘»  typically  have  served  many  years  on 
submarines  and  possibly  several  years  on  the 
ship  to  which  they  are  currently  assigned. 

They  also  perform  the  COW  function, 

3.  DOOVt's  are  commissioned  officers  who  have 
7  to  8  hr  of  trainer  time  and  have  generally 
received  their  first  ship  assignment  or  may 
have  served  up  to,  or  more  than,  a  year. 

During  basic  submarine  school,  offic-.  s  have 
received  about  one  week  of  submarine  experi¬ 
ence  at  sea. 

4.  CDD's,  on  the  average,  have  performed  in  that 
function  for  approximately  one  and  one -half 
years  on  the  ship  to  which  they  are  assigned. 

(c)  SSBN  Training  and  Experience 

Based  on  order -ex -magnitude  estimates,  SSBN  members  <?>  the  ship 
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control  party  generally  ha**e  less  experience  oa  their  assigned  ship 
than  do  the  S3N  personnel.  Currently,  officers  and  cnlieted  men 
both  report  they  have  had  6  to  4$  hr  of  trainer  time,  and  officers 
;*s  a  rule  have  h^d  a  week’s  experience  aboard  a  submarine  during 
their  basic  Submarine  training.  Order -of- magnitude  estimates  for 
the  SSBN  personnel  tuperience  arc  as  follows: 

1.  visnesmen  can  be  expected  tc-  vary  from  no 
previous  experience  to  one  patrol  in  that  po¬ 
sition- 

2.  The  experience  of  BCPO's  varies  from  an 
"under  instruction"  status  to  many  years. 

On  some  ships  this  watch  is  performed,  cn 
a  rotating  basis,  by  the  forward  auxiliary - 
man  and  IC  electrician. 

3.  150*3  (CPO’s)  vary  in  experience  from  "under 
instruction"  sSutua  tc  several  patrols. 

4-  OOB’s  vary  in  experience  from  a  few  months 
to  several  years. 

(d!  Selevant  Observations  for  Casualty  T  raining  Methods 

The  33We  pertinent  observations  of  existing  personnel  experience, 
training;  and  practices  tc  the  casualty*  training  methods  analysis 
are  discuesed  below. 

Turnover  in  personnel  is  high,  resulting  in  slightly  more  than  half 
fa  the  personnel  being  qualified  Jtatdhstsndex's .  Newly  assigned  or 
transitioning  personnel  will  not  have-  the  specific  knowledge  or  skill 
for  handling  casualties  aboard  their  aligned  ship.  This  is  an  es¬ 
pecially  severe  problem  for  off-duty  SSSN  crews  and  crews  of  SSN's 
following  overhaul  and  extended  upkeep  periods.  Shore  training,  be¬ 
fore  $  patrol  is  bsgun,  is  tkoe  highly  desirable  to  reduce  error- 
indueed  or  componsded  ea.au cities.  First,  the  period  of  time  should 
he  reduced  in  which  qu;±IiS.3d  wTatchsteaders  are  less  efficient  due 
t<=  fatigue  factors  associated  with  heavy  work  loads  when  they  are 
short  handed.  Secondly,  training  should  provide  new  personnel  the 
essentia!  knowledge,,  ur&nfcvus*  and  experience  for  avoiding  and 
handling  cactjaities  v?h*m.  they  occur.  The  training  required  was 
identified  earlier  in  sub  faction  as  intermediate  and  advanced 

team  training. 

Periods  of  non-se^g# Log  activity  occur  at  regular  cycles  for  SSBN 
crews  ahti  daring  usbexp  and  overhaul  periods  for  SSN  crews.  The 
turnover  prcbieisu  nrevictiSiy  discussed,  is  particularly  significant 
during  suvfe  and  the  implications  for  training  are  the  same 

as  those  diaeuaSed  in-  the  immediately  preceding  paragraph.  A 
.special  case  arlc&o  fo-r  personr-el  returning  from  shore  assignment 
or  trassiiicr.ioi*  from  die*®}-  to  nuclear -type  ships,  when  basic  re¬ 
freshed  training  a  noe-ded  in  addition  tc  intermediate  and  advanced 
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tear*  training  to  combat  casualties  properly.  It  is  particularly  im¬ 
portant  to  train  all  personnel  in  new  knowledge,  skills,  and  pro¬ 
cedures  generated  Irons  time  to  time  as  a  result  of  recoverability 
studies  and  research. 


Enlisted  men  trained  in  technical  operation  of  the  ship  and  highly 
qualified  in  numerous  watchstander  positions  generally  are  up¬ 
graded  and  qualified  as  DOOW's  and  BCPO's  without,  or  with  a 
misknon  of,  shore-based  training.  Particularly  lacking  in  their 
training  background  is  instruction  in  ship  principles  -  for  example, 
trim  analysis  and  control  -  normally  received  by  officers  who  stand 
the  DO  watch. 

Pianesroen  (that  is,  stern  planesmen  andfairwater  piaresman/- 
helmsmen)  typically  are  recent  graduates  of  basic  submarine  school 
or  personnel  transitioning  from  other  types  of  ships.  They  have  a 
minimum  of  formal  training  and  the  least  technical  competence 
among  their  shipmates  in  the  systems  of  their  assigned  ship.  With¬ 
in  the  current  modes  of  operations,  almost  all  watchstander  posi¬ 
tions  require  high  levels  of  technical  competence  (such  as  sonar, 
communications ,  and  weapons)  to  perform  their  primary  mission. 
This  means  that  the  least  capable  persons  are  available  to  deal  with 
the  most  critical  casualties  at  ship  control  watches,  even  though  the 
skills  required  during  normal  operation  are  easily  learned.  The 
implications  are  obvious  in  both  intermediate  and  advanced  team 
training-  These  are  to  develop  individual  surveillas.ee,  emergency- 
procedures,  and  tracking  skills  to  a  high  level  of  automata  city. 

Also,  the  interaction  between  planesmen,  helmsmen,  and  DO’s 
needs  to  be  developed  to  a  finely  tuned  and  well  practiced  relation¬ 
ship  in  the  face  of  critical  situations  not  often  experienced  aboard 
ship. 

Interviews  with  personnel  aboard  ship  and  observations  of  trainees’ 
performance  on  shipboard  trainers  indicate  a  number  of  discrepan¬ 
cies  crucial  to  the  control  of  casualties.  Estimates  of  depth-control 
accuracies  and  plans  angles  utilized,  voiced  in  interviews  with  the 
ship’s  officers  and  crew,  differed  by  an  order  g£  magnitude  from 
the  performance  of  planesmen  and  DO’s  of  similar  caliber  observed 
aboard  ship  control  trainers.  Specifically,  shifting  to  emergency 
control,  estimated  during  interviews  at  caking  two  seconds  or  less, 
was  observed  to  take  more  than  a  minute,  and  reaction  to  flooding, 
by  several  student  DO’s,  took  as  much  as  six  times  as  that  required 
to  initiate  reaction  to  flooding  under  the  worst  conditions. 

Knowledge  disseminated  about  critical  casualties  and  recovery  ef¬ 
fects  assume  a  worst  case  based  on  high  speed  and  deep  depth. 

The  implications  of  differences  between  operating  envelopes  during 
missions  and  maximum  performance  envelopes,  such  as  high  spaed 
at  test  depth,  are  not  usually  discussed.  The  results  seem  to  be  a 
philosophy  aboard  many  ships  that,  given  a  critical  casualty,  the 
ship  will  take  all-out  action  regardless  of  the  tactical  situation,  the 
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risk  of  collision,  o?  departure  from  the  objective  of  maintaining 
undetected  submergence,  There  seems  to  be  no  standard  proce~ 
dure  fo?  reacting  to  casualties  nor  provisions  in  many  ship  bills 
on  recovery  reactions  that  indicate  kcv  reactions  should  be  modi¬ 
fied  to  be  compatible  with  such  factors  as  depth  and  speed  in  a  ma¬ 
jority  of  assess.  The  compatibility  of  formally  voiced  ship  philoso¬ 
phy  and  what  'vould  be  done  in  real  circumstances  is  seriously 
questioned, 

OOD's  are  not  formally  trained,  nor  53  their  role  in  ship- control 
response  to  casualties  properly  emphasized.  Thus  ship-control 
parties  are  now  being  trained  witnout  the  OQD  as  an  active  mem¬ 
ber  of  the  party.  There  sa  much  resulting  danger  that  the  impor¬ 
tant  COD/ DO  interaction  In  handling  the  planes,  rudder,  B CP,  and 
engine  orders  -will  result  in  confusion,  failure  to  achieve  critical 
reaction  times,  failure  to  include  all  essential  recovery  actions, 
and  failure  to  take  into  account  the  tactical  situation,  mission  ob¬ 
jectives,  etc. 

Training  of  all  hands  in  recognising  flooding  as  distL^-isned  from 
leakage  and  emergency  flooding  is  limited  to  a  brief  experience  in 
submarine  school  and  shipboard  instructions.  Only  a  few  senior 
personnel  have  experienced  actual  flcodiCg,  Categories  of  flooding 
and  criteria  vary  from  ship  to  ship,  and  personnel  are  not  provided 
an  objective  basis  (anchor  point)  for  judging  the  rate  of  flooding. 

There  is  a  tendency  by  ships  to  limit  casualty  control  training 
aboard  ships  on  the  basis  of  frequency  of  experience  and  ease  of 
administration.  An  example  of  the  latte?  is  to  see  what  happens 
when  ail  the  lights  are  turned  out-  Other  examples  are  communi¬ 
cations  and  "dry”  fire  drills.  An  example  of  drill  selection  based 
on  own- ship  experience  is  to  fail  s&nnal  plane/steering  control 
regularly  because  of  the  large  number  of  hydraulic-flex-hoss  fail¬ 
ures  experienced  aboard  the  ship. 

Evaluation  of  watchstanaers  (plaaesmen)  by  frequently  checking 
their  observations  of  peripheral  instruments  reinforces  negative 
training  to  «uch  an  extent  that  personnel  avoid  use  of  the  combined 
instrumentation  panel  (GP),  which  is  arranged  for  optimal  viewing. 
Instead,  planesmen  follow  an  unnatural,  inefficient,  and  unreliable 
scanning  pattern  involving  instruments  beyond  the  normal  visual 
field,  both  above  and  to  the  sides.  The  result  is  as?  increased  error 
tendency  in  the  quick  detection  of  malfunctions.  If  the  present  prac¬ 
tice  is  followed,  special  training  in  high-fideiity  trainers  is  required. 
If  the  ship  designers  intention  is  followed,  a  special  classroom 
basic  refresher  session  on  the  U3e  of  instruments  and  training  by 
practice  on  a  generalized  dynamic  trainer  is  required  in  the  correct 
use  of  the  GP. 
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e.  Training  Cycles  and  Opportunities  for  Training 
(lj  General 

The  personnel  rotation  policies  and  training  cycles  differ  between 
the  attack-type  SSN  and  the  Polaris -firing,  fleet  ballistic  missile 
SSBN.  The  training  cycles  of  these  two  types  of  submarines  dif¬ 
fer  because  of  the  difference  in  missions  and  methods  of  operation. 

The  SSN  training  cycle  is  from  one  shipyard  overhaul  to  the  next, 
which  normally  occurs  every  30  to  36  months.  Subcycles  also  exist 
within  this  time  span,  whose  duration  is  from  the  end  of  one  deploy¬ 
ment  to  the  end  of  the  next  deployment.  The  SS3N  training  cycle 
is  from  the  end  of  one  patrol  to  the  end  of  the  next  patrol.  The 
training  cycle  is  divided  into  three  phases:  orientation  or  re¬ 
fresher,  intermediate,  and  advanced.  Figures  2  and  3  show  the 
time  relationships  between  these  phases  of  training  for  both  SSN's 
and  SSBN’s. 

Orientation / r eir e sher  training  presently  takes  place  during  the  lat¬ 
ter  portion  of  a  shipyard  overhaul  and  during  the  first  few  months 
after  completion  of  an  overhaul  or  return  from  an  extended  deploy¬ 
ment.  In  addition,  this  phase  goes  on  continuously,  to  a  lesser  ex¬ 
tent,  due  to  the  transfer/position  shifting  of  personnel.  This  train¬ 
ing  is  conducted  at  snore-based  schools,  on  prototypes,  at  manu¬ 
facturer's  plants,  and  onboard  the  submarine.  Training  during 
this  phase  stresses  individual  learning  or  relearning  of  submarine  - 
oriented  general  knowledge  and  skills,  including  system  principles 
and  equipment  operating  procedures  and  locations. 

Personnel  reporting  for  nuclear  submarine  duty  for  the  first  time 
must  undergo  an  additional  3  weeks  to  18  months  cf  training  prior 
to  reporting  aboard  for  their  initial  operational  assignment.  This 
training  is  conducted  primarily  at  such  Naval  training  facilities  as 
the  Basic  Submarine  School  in  New  London,  Conn. ;  Guided  Missile 
School  in  Dam  Neck,  Va. ;  nuclear  prototypes;  Anti -Submarine  War¬ 
fare  School  in  San  Diego,  Calif.  ;  Advanced  Underwater  Weapons 
School  in  Key  West,  Fla. ;  Fleet  Ballistic  Missile  (FBM)  Training 
Centers;  and  Fleet  Submarine  Training  Facility  { 3U  B  T  RAF  A  G)  in 
Pearl  Harbor,  Hawaii. 

Intermediate  training  presently  takes  place  from  the  completion  of 
orientation/refreaher  training  through  the  first  few  weeks  of  a  de¬ 
ployment.  This  training  is  conducted  primarily  at  shore-based 
schools  and  prototypes  and  on  board  the  submarine  (or  off^ship 
crew  facilities  for  SSBN’s).  It  stresses  the  learning  or  relearning 
cf  specific  knowledge  and  skills  required  for  the  proper  perform¬ 
ance  of  duty  aboard  a  particular  sub  or  class  cf  subs,  including 
systems  interrelationships  and  systems  operating  and  casualty  con¬ 
trol  procedures. 
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Figure  ?-  -  SSBN  Training  Cycles 

7!,iRing1by  b°.th  3ubf5arine  raining  command?  takes  oiac- 
FuS  ?  /  ftun*er  01  ship/casujucy  control  trainers  {primarily 
f  :  ~7.  tnat  Kesen-ly  exist,  and  on  board  the  Submarine-?.  This 

prtSe';:*"y  accomplished  by  actual  operation  and  mainte- 
'f"JL t  U  f  Srip  s.  syic^*s  and  equipment  and  through  limited  use 
of  sh  ?  control  trainers.  Shore-based  trainers  {FBhtf}  emphasize 

r  COmrCl  Tjlose  casualties  that  cannot  be  re- 
alist.ca.iy  ^  saiely  simulated  on  board  the  actual  submarine. 

{Z)  SSN  versus  SSBN  Casualty  Control  Training  Opportunities 

casualty  conf-rol  training  opportunities  are  limited  by  the 
ino  faemt^r1  P*r*°an£u’  °f  3uernarines.  and  of  chore-based  train- 

Tne  SSN  has  only  one  crew,  which  mans  it  continuously.  This  is 
advantageous  because  the  men  arc-  continuously  exposed  to  the  ship 
wi  h  much  tncy  must  be  familiar.  The  personnel  kre  always  avail  - 
e  for  seme  form  c£  training  if  the  employment  of  tf-c.  ship,  in 
carrying  out  its  assigned  mis?ic-n,  will  permit.  However,  the  pri¬ 
mary  mission  of  an  SSN  often  precludes  conducting  as  much  or  the 
vype  of  training  that  would  be  desirable.  Also,  during  upkeep  cvcies 


NAVTRADEVCEH  181M 


SECTION  TV  -  RESULTS 


Subsection  Four 


and  overhauls,  personnel  are  limited  as  to  operation  of  ship  sys¬ 
tems  and  have  no  opportunity  to  practice  ship  control.  Therefore, 
the  time  available  to  conduct  casualty  control  training  is  some¬ 
times  greatly  reduced. 

The  SSBN  has  two  crews,  “blue"  and  "gold,  "  each  of  which  mans 
the  ship  alternately  for  a  three-month  tour  of  duty.  This  is  a  dis¬ 
advantage  in  that  the  crews  tend  to  forget  during  their  off-ship 
periods.  While  they  are  aboard  ship,  they  are  available  for  train¬ 
ing,  and  the  employment  of  an  SSBN  in  carrying  out  its  primary 
mission  is  such  that  it  will  permit  more  casualty  control  training, 
except  for  ship  command  and  control  problems  and  recovery  ac¬ 
tions,  than  that  which  can  be  conducted  aboard  an  SSN. 

Because  the  SSN  has  only  one  crew,  it  is  often  not  practical  to 
leave  ashore  personnel  who  may  require  training  at  shore-based 
training  facilities.  During  leave  and  upkeep  periods,  peroonnel 
are  usually  available  for  individual  or  team  training  at  shore -based 
training  facilities,  if  these  facilities  are  available.  However,  train¬ 
ing  devices,  on  which  generalized  training  can  bs  conducted  for  a 
limited  number  of  submarine  casualties,  are  presently  provided  in 
only  50  percent  of  the  home  ports  to  which  SSN:s  are  assigned.  It 
is  usually  not  practical,  for  both  time  and  monetary  considerations, 
tc  send  a  team  of  men  500  to  2500  mi  to  receive  this  training. 

Because  the  SSBN  has  two  crews,  one  entire  crew  is  available  for 
individual  or  team  training  at  shore-based  training  facilities  during 
the  off-ship  period.  Training  devices  on  which  training  can  be  con¬ 
ducted  for  a  limited  number  of  submarine  casualties  are  provided 
in  all  the  home  ports  where  off -ship  SSBN  crews  are  located.  In 
addition  to  the  availability  of  casualty  control  training  devices,  off- 
ship  crews  are  usually  provided  adequate  classrooms  in  which  to 
conduct  training  during  the  eight-week  period,  scheduled  for  this 
training. 

(3)  Present  Training  Capabilities 

Evexy  submarine  is  a  training  device  in  itself.  However,  it  is  not 
practical  to  use  the  ship  ss  a  dynamic  training  device  for  those 
.asualties  that  would  impose  operational  hazards,  damage  machin¬ 
ery,  or  unduly  endanger  personnel.  For  this  reason  it  is  necessary 
to  conduct  such  training  in  a  simulated  environment  at  shore -based 
facilities  in  the  submarine’s  heme  port. 

There  are  SSN  ship  control  trainers  with  varying  degrees  of  satis¬ 
factory  casualty  control  simulation  features  at  New  London,  Pearl 
Harbor,  and  Charleston.  These  trainers  are  the  21B20  and  2IB56. 
The  21B20  trainer  provides  for  high-fidelity  ship  control  simula¬ 
tion  of  SSN' s  at  New  London.  The  21556  trainer  provides  for  gen¬ 
eralized  training  of  the  SSN  diving  control  parties  at  New  London, 
Pearl  Harbor,  and  Mare  Island.  There  are  no  diving  or  ship  con¬ 
trol  trainers  for  SSN  crews  in  San  Diego,  Norfolk,  or  Key  West. 
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Fire-fighting  training  is  provided  in  most  home  ports.  However, 
these  schools  stress  the  methods  of  control  for  gasoline,  diesel- 
oil,  and  black-oil  fires.  These  types  of  fire  do  pose  the  greatest 
threat  in  surface  ships.  However,  oil  fires  are  almost  nonexist¬ 
ent  in  nuclear  submarines;  the  most  severe  fire  threat  is  caused 
by  the  maze  of  electrical  equipment. 

There  are  no  facilities  in  any  nuclear  submarine  home  port  that 
can  provide  actual  flooding  or  piping  rupture  casualty  control  train¬ 
ing  in  a  realistic  manner.  These  casualties  can  be  simulated  rea¬ 
listically  only  in  dynamic  trainers  somewhat  similar  to  the  "USS 
Buttercup"  at  the  Naval  Damage  Control  School,  Philadelphia,  Pa. , 
and  the  "USS  Neversail"  at  the  Naval  Damage  Control  School, 
Treasure  Island,  Calif. 


FUNCTIONAL  TRAINING  UNITS 

The  previous  lengthy  discussion  in  Item  1,  above,  serves  as  back¬ 
ground  for  the  specific  training  methods  analysis  of  this  study. 

Next  to  be  considered  are  the  functional  training  units. 

Determination  of  the  functioned  training  units  consisted  of  grouping 
the  knowledge  and  skills  identified  as  training  requirements  in  Sec¬ 
tion  IV,  Subsection  Three,  into  closely  related  and  integrated  sub¬ 
ject  matter  for  instruction,  demonstration,  and  exercise.  The 
functional  training  units  were  designated  so  that  students  could 
progress  from  prerequisite  levels,  through  basic  and  intermediate 
levels  of  individual  skills  and  knowledge  acquisitions,  to  advance 
levels  of  training  where  individuals  function  as  team  members  in 
a  manner  meaningful  to  casualty  control. 

The  planned  approach  to  methods  analysis  was  to  determine  func¬ 
tional  training  units  at  a  sub-subciass  casualty  level  considering 
task  or  part-task  groupings.  This  approach  was  found  to  be  un¬ 
feasible,  since  normai  and  emergency  tasks  were  not  always  sepa¬ 
rable,  and,  when  emergency  tasks  could  be  specifically  designated, 
they  were  found  to  be  quite  elementary  when  considered  by  them¬ 
selves.  At  the  sub-subclass  of  casualty  level,  it  was  also  found 
that  the  volume  and  redundancy  of  detail  required  for  analysis  was 
so  extensive  that  a  meaningful  problem  sdution  could  not  be 
reached. 

Consideration  of  subclass  casualty  levels  as  functional  training  units 
was  a  better  approach  bat  also  led  to  similar  problems  of  data  col¬ 
lation. 

As  a  final  decision  on  approach,  functional  training  units  were  se¬ 
lected  to  correspond  to  the  groups  of  major  personnel-oriented  func¬ 
tions  required  by  personnel  in  reacting  to  the  major  classes  of  casu¬ 
alties.  The  major  functions  so  identified  were  further  limited  to 
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roles  ship  personnel  would  have  to  fulfill  in  ship  control  responses. 
This  approach  resulted  la  a  logical  llow,  from  equipment-oriented 
casualties  (Section  IV,  Subsection  One),  to  the  recovery  behavior 
required  of  personnel  (Subsection  Two),  to  the  knowledge  and  skills 
to  be  taught  (Subsection  Three),  and  to  the  desirable  training  ap¬ 
proach,  which  is  identified  later  in  this  subsection  (Four).  The  re¬ 
sult  was  a  framework  for  adequately  relating  knowledge/skill  casu¬ 
alty  training  requirements  to  the  identification  of  the  characteristic 
of  devices  needed  for  casualty  control  training.  This  provided  the 
means  for  integration  of  the  normal  and  emergency  training  require¬ 
ments  with  the  training  levels  and  training  approaches. 

The  functional  training  units  are: 

1.  Ship  command  and  control 

2.  Fire  recognitlon/isolation/reporting 

3.  Flooding  recognition/isolation/reporting 

4.  Atmospheric  contamination  recognition/- 
isolation/ reporting 

5.  Propulsion  casualties  ship  control  effects 

6.  Electrical  casualty  recognition/isolation/- 
re  porting 

7.  Ship-systems  monitoring  and  control 

3.  TRAINING  APPROACHES  (DEFINITIONS 

a.  General 

The  coordinated  use  of  various  types  of  training  devices  is  required 
to  impart  the  knowledge  and  develop  the  skills  of  the  casualty  con¬ 
trol  student.  The  most  effective  training  device  available  to  an  in¬ 
structor  is  frequently  the  actual  object  under  discussion  or,  in  the 
case  of  casualty  control,  it  would  be  the  creation  of  the  actual  situ¬ 
ation  if  the  latter  were  feasible,  safe,  and  conducive  to  learning. 

For  obvious  reasons,  effective  use  of  training  aids  and/or  devices 
must  be  substituted  to  accomplish  the  came  objectives  in  the  case 
of  casualty  control  training. 

b.  Classroom  Training  Aids 

(1)  General 

Training  aids  were  selected  on  the  basis  of  (1)  the  functional  train¬ 
ing  unit  and  level  of  training  level,  (2)  the  effectiveness  of  the  train¬ 
ing  aids  to  accomplish  the  intended  objective,  and  (3)  the  interrela¬ 
tionship  of  the  training  aids  to  each  other  and  other  training  devices. 
The  final  selection  of  training  devices  also  included  consideration  of 
their  appeal  to  more  than  one  sense,  their  ability  to  attract  and  hold 


V.\* 


NAVT8ADFVCEN  1813-1 


D  rCTTT  me- 
UJJXk? 


subsection  Four 


attention,  their  ability  to  focus  the  students'  attention  at  the  proper 
time,  and  their  cost. 

Training  aids  can  be  generally  classified  as  graphic,  programmed, 
auditory,  projected,  three -dimensional,  and  films  and  closed- 
circuit  television.  The  advantages  of  each  type  are  presented  be¬ 
low  for  purposes  of  review. 

(2)  Graphic  Training  Aids 

Graphic  training  aids  include  chalkboards,  posters,  wall  charts, 
flash  cards,  flannel  boards,  graphs,  pictures,  diagrams,  and 
study  cards  that  are  either  placed  in  the  classroom  for  observa¬ 
tion  or  given  to  the  student  as  a  handout  for  drilling  or  for  his  fu¬ 
ture  reference.  All  these  aids  maxe  their  point  through  the  sense 
of  sight  only  and  are  less  effective  than  those  appealing  to  more 
than  one  sense.  The  advantages  of  the  more  frequently  used 
graphic  training  aids  are  discussed  below. 

Still  pictures  in  the  form  of  wall  charts  and  posters  are  advanta¬ 
geous  when  material  that  does  not  involve  motion  is  being  pre¬ 
sented.  A  major  advantage  is  that  the  information  is  presented 
for  prolonged  observation  by  the  student  and  that  the  instructor 
can  repeatedly  refer  to  it  during  the  classroom  instruction  period 
with  minimum  distraction  to  the  student.  Information  in  this  form 
is  usually  general  in  nature,  such  as  shop  warnings,  general  ar¬ 
rangement  and  location  drawings,  etc. 

Flash  cards  and  flannel  boards  are  used  to  bring  home  an  idea  or 
main  points  of  the  classroom  instruction.  They  are  also  used  ef¬ 
fectively  in  drill  or  review. 

Sets  of  study  cards  have  the  major  advantage  of  training  the  student 
to  approach  a  given  problem  analytically  by  studying  the  problem, 
selecting  and  erasing  hidden  answers  on  the  study  card,  and  identi¬ 
fying  the  order  of  his  selection  for  subsequent  evaluation.  This  is 
an  effective  training  device  that  could  be  carried  on  shipboard  or 
used  ashore  for  periodic  refresher  training. 

Giaphs,  pictures,  and  diagrams  can  be  in  the  form  of  wall  charts, 
posters,  or  student  handouts.  When  given  to  the  student  for  perma¬ 
nent  retention,  periodic  review  sessions  can  be  conducted  on  ship¬ 
board  to  refresh  the  students’  knowledge  in  these  areas. 

(3)  Programmed  Training  Aids 

Programmed  instruction,  which  includes  programmed  becks  and 
teaching  machines,  is  a  relatively  new  method  for  supporting  learn¬ 
ing  so  that  students  learn  rapidly  and  thoroughly.  The  general  ad¬ 
vantages  of  this  type  of  aid  include  (1)  allowing  the  student  to  prog¬ 
ress  at  his  own  rate,  {2}  uniform  level  of  training  in  the  subject 
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matter,  (3)  savings  in  training  time,  (4)  individual  training,  (5)  de¬ 
centralization  of  training,  and  (6)  relieving  instructors  of  teaching 
routine  material. 

Some  specific  advantages  are  as  follows.  Programmed  textbooks 
can  be  utilized  whenever  and  wherever  the  student  is  located. 

They  can  be  used  not  only  to  learn  the  original  subject  matter  but 
also  to  conduct  periodic  refresher  training. 

Teaching  machines  have  been  found  effective  in  increasing  student 
motivation,  enhancing  the  efficiency  of  communication  with  the  stu¬ 
dent,  and  improving  instructor  control  of  training  materials.  Spe¬ 
cial-purpose  teaching  machines  are  also  effective  in  teaching  such 
particular  abilities  as  mechanical-manipulative  skills. 

(4)  Auditory  Training  Aids 

Limited  use  or  auditory  training  aids  is  made  to  train  the  student 
in  the  recognition  and  classification  of  audible  signals.  This  cate¬ 
gory  includes  wax,  wire,  or  tape  recordings  and  is  advantageous 
when  the  recognition  of  sonar  signals,  warning  buzzers,  or  impend¬ 
ing  equipment  failures  is  the  subject  matter  to  be  learned  through 
the  sense  of  sound. 

(5)  Projected  Training  Aids 

Slides,  animated  schematics,  transparencies,  and  opaque-projec¬ 
tion  material  are  grouped  in  one  category  because  the  basic  type 
of  information  projected  falls  in  the  same  category  and  each  can  be 
arranged  or  rearranged  in  different  sequences  to  provide  the  train¬ 
ing  needed  by  different  groups.  Slides  are  particularly  advantageous 
because  they  are  compact  and  portable.  The  image  size  of  slides 
can  also  be  varied  according  to  the  size  of  the  group. 

Transparencies  are  the  most  often  used  training  aid  because  of  their 
versatility  and  ease  of  preparation. 

Opaque-projection  material  has  the  same  instructional  advantages 
as  slides  and  transparencies,  with  the  exception  that  a  certain 
amount  of  quality  of  the  projected  image  is  sacrificed.  The  big  ad¬ 
vantages  of  opaque  materials  are  the  savings  in  time  and  expense 
required  for  reproduction  to  a  slide  or  transparency  of  the  subject 
matter.  Illustrations  from  books  and  manuals  can  be  directly  pro¬ 
jected. 

An  important  variation  of  this  g'roup  of  training  devices  is  the  ani¬ 
mated  schematics  by  means  of  which  an  instructor  can  actively 
manipulate  a  part  to  teach  system  relationships,  signal  flow,  etc. 

Film  strips  have  a  definite  advantage  when  still  pictures  are  to  be 
shown  in  a  fixed  sequence.  Some  applications  of  this  technique 
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include  step-by-step  procedures  and  other  "canned”  presentations 
that  lend  themselves  to  a  fixed  order  of  instruction. 

(6)  Three-Dimensional  Training  Aids 

Three-dimensional  training  aids  include  models  and  mockups.  The 
major  advantage  of  models,  in  addition  to  their  being  three-dimen¬ 
sional,  is  their  ability  to  be  scaled  down  or  up  as  required  for  good 
instruction.  Some  models  are  also  designed  to  permit  disassembly 
for  studying  the  item  in  more  detail.  Mockups  are  useful  in  demon¬ 
strating  basic  principles  or  ideas  only  before  proceeding  into  more 
complicated  phases  of  instruction. 

(7)  Films  and  Closed- Circuit  Television 

The  most  important  advantage  of  motion  pictures  is  their  ability  to 
portray  motion,  relationships,  and  system  effects,  either  actual 
or  simulated,  through  animation.  Fast  processes  can  be  slowed 
down  and  slow  processes  accelerated  to  aid  in  the  student's  under¬ 
standing  of  the  subject  matter.  Sound  and  visual  effects  can  be  co¬ 
ordinated.  A  major  disadvantage  in  the  use  of  motion  pictures  is 
the  difficulty  and  expense  incurred  in  making  changes  to  the  film 
after  initial  release. 

Closed- circuit  television  has  been  used  very  effectively  in  schools 
to  present  a  unit  of  instruction  to  a  large  number  of  students  simul¬ 
taneously.  Closed- circuit  television  is  also  effective  within  the 
classroom  where  the  camera  picks  up  a  detailed  process  being  per¬ 
formed  by  the  instructor,  such  as  disassembling  the  firing  mecha¬ 
nism  of  a  gun,  while  all  students  watch  the  procedure  from  their 
desk  through  television  receivers  placed  strategically  in  the  class¬ 
room.  Television  also  can  be  used  to  present  effects  that  students 
could  not  observe  at  the  "eye"  of  the  camera  for  safety  reasons. 

c.  Demonstration  Trainers 

As  defined  for  use  in  the  training  methods  analysis,  principal  con¬ 
sideration  has  been  given  to  devices  that  can  provide  students  with 
audio-visual  effects.  Special  facilities  will  probably  be  required. 
Such  devices  are  particularly  applicable  when  actual  exposure  to 
the  effects  to  be  demonstrated  and  experienced  during  the  correc¬ 
tive  action  involve  a  high  level  of  risk  as  to  safety.  Also,  such 
demonstrations  are  applicable  when  the  capability  for  providing 
essential  perceptual  experience  to  trainees  is  not  feasible  because 
of  the  low  frequency  of  natural  occurrence.  Demonstrators  are 
especially  desirable  when  the  dynamic  characteristics  of  an  ob¬ 
served  emergency  situation  are  necessary  for  the  adaptation  and 
judgment  of  trainees  in  their  duty  assignments. 

d.  Procedural  Trainers 


The  most  notable  characteristic  of  procedural  trainers  is  that  they 
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are  !l open-loop,  "  full-scale  representations  of  a  system  or  part 
thereof.  As  the  name  implies,  their  purpose  is  to  provide  students 
practice  in  the  performance  of  procedures,  that  is,  discrete  oper¬ 
ator  movements  in  a  prearranged  sequence  or  specific  actions  to  a 
simulated  indication.  The  term  ’’open  loop”  refers  to  the  fact  that 
system  (equipment)  simulation  is  not  reauired  to  provide  feedback 
to  the  trainee  as  a  basis  for  his  continuing  action. 

Generalized  Dynamic  Trainer 

A  generalised  dynamic  trainer  is  a  device  with  built-in  feedback 
elements  that  reflect  student  action.  A  diving  trainer  of  this  type 
is  not  intended  lo  be  a  highly  faithful  representation  of  a  given  ship 
environment  performance  of  the  ship  to  which  the  trainee  will  be 
eventually  assigned.  The  sense  in  which  "generalized"  is  used 
when  applied  to  ship  control  trainers  involves  fidelity  of  hardware 
arrangement,  system  operation,  and  hydrodynamic  characteristics 
of  ships.  In  each  of  the  latter  simulation  categories,  the  intent 
would  be  to  duplicate  what  is  common  between  classes  of  ships  and 
to  omit  or  select  typical  characteristics  of  uncommon  features. 

f,  High-Fidelity  Dynamic  Trainer 

A  high-fidelity  dynamic  trainer  is  a  closed-loop  hardware  device 
similar  to  the  generalized  dynamic  trainer.  A  high-fidelity  trainer 
is  considered  to  be  a  hardware  representation  of  a  specific  oper¬ 
ating  system  or  part  thereof  that  simulates  operationally  the  "real" 
situation  or  piece  of  equipment.  The  simulation  is  realistic  with 
respect  to  both  equipment  performance  and  appearance. 

The  major  application  of  such  a  device  is  for  advance  individual  and 
team  casualty  training  in  which  a  training  device  is  so  designed  that 
a  high  degree  of  behavioral  fidelity  is  achieved  and  the  skills/- 
knowledge  learned  are  positively  and  directly  applicable  to  job  per¬ 
formance.  This  type  cf  device  can  be  exemplified  by  existing  so¬ 
phisticated  ship  control  trainers  that  act  like  diving  stands  of  speci¬ 
fic  ships. 


4.  SHIP  COMMAND  AND  CONTROL  CASUALTY  TRAINING  AP¬ 
PROACHES 

a.  General 


In  preceding  parts  of  this  section,  training  methods,  levels  of  train¬ 
ing,  personnel  to  be  trained,  types  of  training  devices,  and  func¬ 
tional  training  units  have  been  defined.  On  this  basis  an  analysis, 
summarized  in  Appendix  C-,  Table  G-I,  has  been  performed.  The 
main  results  of  this  analysis  are  presented  in  Items  b  through  lj 
below,  which  follow  the  outline  of  knowledge  and  skills  required  for 
training  as  presented  in  Table  I.  The  casualty  training  requirements 
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(ciitical  skills  and  knowledge)  are  listed  along  with  recommended 
training  methods. 

b.  Requirement  No.  1 


The  first  training  requirement  is:  to  ensure  a  high  degree  of  track¬ 
ing  capability  by  planesman  so  that  cues  of  a  malfunction  for  indi¬ 
cators,  control  system,  or  ship  fee!  are  not  confounded  with  erratic 
or  improper  planes  or  depth  control.  For  enlisted  men  at  the  basic 
level  of  training,  there  is  a  requirement  for  a  generalized  ship  con¬ 
trol  trainer.  This  trainer  should  include  the  physical  representa¬ 
tion  {control  display  arrangement,  etc.)  of  the  di%*ing  stand.  Dis¬ 
plays  required  include  the  CIP,  auxiliary  indicators,  shallow  depth 
gage,  and  digital  speed  indicator.  Controls  required  include  the 
AMC/control  mode  selector  panel,  control  columns,  and  manual - 
pilot  hydraulic  power  transfer  valves. 

Malfunctions  to  be  simulated  include: 

1.  Flooding  forward,  amidship,  and  aft  at  rates 
progressing  from  l/2  to  16  in.  at  maximum 
increments  equal  to  multiples  of  two 

2.  Stern  plane  failures  at  full  rise  or  dive,  at  the 
position  being  maintained  by  the  trainee  or  at 
an  intermediate  angle  of  0  to  25  deg  selectable 
at  the  discretion  of  the  instructor 

3.  Fair-water  plane  failures  such  as  those  speci¬ 
fied  in  No.  2,  above 

4.  Rudder  failures  hard  right  and  left  or  at  inter¬ 
mediate  values  at  the  position  being  maintained 
by  the  trainee  or  at  an  intermediate  angle  to  be 
set  at  the  discretion  of  the  instructor 

5.  AMC  failure 

6.  Diving  panel  indicator  failures 

7.  Normal  hydraulic  control  failure 

8.  Audible  alarms 

9.  Electrical-powered  communication  circuits 

The  trainer  should  provide  the  means,  such  as  closed- circuit- 
television  instant  replay,  by  which  the  student  can  be  furnished  an 
appraisal  of  the  depth  and  ship  angle  maintained  and  of  the  plane 
angle  utilized. 

Ship  response  to  planes/steering  casualties  should  represent  an 
existing  nuclear  SS3N  or  SSN  ship  with  a  difference  from  some 
representative  ship  no  greater  than  differences  between  SSBN  and 
SSN  types  of  ships. 
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At  the  intermediate  level  of  training  for  enlisted  men,  a  high- 
fidelity,  dynamic  ship- control  trainer  as  described  in  Appendix  F 
is  required.  Functions  and  malfunctions  to  be  simulated  are  listed 
in  the  preceding  paragraph.  Fidelity  must  be  such  that  vernier 
tracking  behavior  by  the  trainee  is  adequately  supported  by  con¬ 
trol-display  rates  and  platform  motion  that  faithfully  represents 
plane  control  actions  aboard  the  ship.  The  means  for  providing  an 
immediate  replay  of  student  performance  and  accuracy  is  recom¬ 
mended  as  in  the  basic  trainer  above. 

,  c.  Requirement  No.  2 


The  second  functional  training  unit  is;  to  develop  in  planesmen  and 
DO's  proper  scanning  habits  and  the  ability  to  shift  attention  among 
available  indicators,  thus  avoiding  mesmerization  by  one  indicator 
or  tunnel  vision.  For  the  basic  level  of  training  of  both  enlisted 
men  and  officers,  classroom  aids  and  a  generalized  dynamic  trainer 
are  required.  Classroom  aids  in  the  form  of  charts  or  slides  and 
supported  by  lectures/discussions  should  emphasize  the  meaning, 
intent,  accuracy,  and  reliability  of  CIP  indicators.  They  should 
also  clarify  the  intended  use  of  peripheral  diving -station  indicators 
as  monitoring  devices  for  the  DO  and  OOD  and  as  backup  for  CIP 
indications. 

A  generalized  dynamic  ship  control  trainer  of  the  type  described 
in  Item  b,  above,  should  also  be  used  for  basic  training  in  this 
training  requirement.  However,  as  an  additional  feature,  the 
BCPO  trainer  functions  described  later  in  Item  10  of  this  subsec¬ 
tion  should  be  integrated  on  the  diving  platform  for  purposes  of 
basic  submarine  officer  training. 

Beyond  the  basic/refresher  level  of  training,  diving  control  parties 
require  a  physical  representation  of  the  diving  panel  and  BCP  dis¬ 
play  arrangements  almost  identical  to  those  of  the  class  of  ship  to 
which  they  are  assigned.  Since  estimated  time  allowed  to  identify 
an  abnormal  indication  as  part  of  the  total  time  to  react  to  a  casu¬ 
alty  varies  from  a  fraction  of  a  second  to  a  few  seconds,  search 
time  must  be  minimized.  It  follows  that  reactions  in  bringing  the 
eye  to  bear  on  the  abnormal  indication(s)  must  be  highly  automated 
and  not  subjected  to  interference  by  stress.  For  officer  training, 
especially  individual  skill  in  scanning,  the  environment  of  the  total 
ship  control  party  is  required  so  that  their  surveillance  of  indica¬ 
tors  and  ship  motion  can  be  practiced  on  a  time-shared  basis  with 
crew  supervision  and  monitoring  activities. 

The  capability  to  provide  an  appraisal  of  personnel  attending  habits 
and  "set"  should  be  made  available  to  the  operator/instructor.  A 
method  of  providing  thi«  capability  would  be  for  the  instructor  to 
insert  indication  failures  singly  or  in  combination  with  features  for 
timing  the  interval  between  failure  input  and  initial  trainee  reaction. 


52 


'*»**!%*( 


NAVTRAOEYCEN  1313-1 


4  . 


i 


SECTION  IV  -  RESULTS _ _ Subsection  Four 

d.  Requirement  No.  3 

The  third  training  requirement  is:  to  develop  in  planesmen  and  DO's 
a  capability  to  switch  mental  sets  rapidly  from  that  appropriate  for 
normal,  AMC,  or  one-man  control  to  that  appropriate  for  emer¬ 
gency  action.  This  includes  prompt  and  discriminating  reaction  to 
alarms,  abnormal  indications,  or  abnormal  ship  motion.  This  train¬ 
ing  requirement  is  '.pplicable  to  both  enlisted  and  officer  personnel 
in  basic/refresher  and  intermediate/transition  levels  of  training. 

Basic/refresher  training  involves  the  use  of  classroom  aids  such 
as  slides,  charts,  and  film  strips,  with  a  supplementary  film  to 
depict  the  simulated  emergency  environment  for  the  purpose  of  es¬ 
tablishing  personnel  adaptation  and  inducing  the  proper  feeling  of 
urgency.  In  addition,  the  aids  will  relate  BCP  to  diving  panel  indi¬ 
cations  and  alarms.  They  also  will  relate  indications/aiarms  to 
controls  and  proper  control  actions. 

The  use  of  a  generalized  ship-control  trainer  will  also  teach  stu¬ 
dents  the  rudimentary  skills  in  shifting  from  a  "normal"  to  a  stress 
situation.  Furthermore,  trainees  will  learn  by  practice  to  associ¬ 
ate  the  shift  in  "set"  and  readiness-for-emergency  action  with  cues 
furnished  by  both  ship- control-platform  movements  and  panel  indi¬ 
cations. 

A  high-fidelity  ship- control  trainer  is  needed  to  develop  discrimi¬ 
natory  responses  to  specific  cues  of  normal/abnormal  performance 
of  the  specific  class  of  ship  to  which  the  enlisted  and  officer  person¬ 
nel  are  assigned.  Depth,  speed,  and  cross -coupling  effects  on  ship 
accelerations  in  the  X-Z  plane  (as  represented  by  indicators  and 
trainer  platform  motion)  should  be  almost  identical  to  the  effects  of 
plane  and  flooding  casualties,  and  casualty  recovery  actions  (such 
as  emergency  MBT  blow  effects)  on  the  class  of  ship  to  which  per¬ 
sonnel  are  assigned. 

The  means  for  furnishing  students  an  appraisal  of  the  adequacy  of 
their  performance  is  needed.  The  capability  specified  in  the  last 
paragraph  of  Requirement  No.  2  (Item  c,  above)  would  be  appropri¬ 
ate, 

e.  Requirement  No.  4 


The  fourth  training  requirement  is:  to  develop  in  planesmen  and  in 
the  BCPO  the  perceptual  motor  capability  to  shift  to  alternate  modes 
of  operation,  such  as  rate  control,  manual  overrides  for  emergency 
blow  or  plane  control,  and  local  (emergency)  manual  control  of  the 
planes,  rudder,  and  vents.  This  requirement  applies  primarily  to 
motor  responses  of  enlisted  men  in  intermediate  and  advanced  team 
levels  of  training.  Basic  normal  operating  capabilities  and  knowl¬ 
edge  of  system  characteristics  is  assumed.  The  purpose  is  to  de¬ 
velop  the  indicated  emergency  procedures  as  highly  automatic 
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reactions  to  dynamic  cues  presented  by  ship  movement,  alarms, 
and  BCP/diving  panel  indications.  To  achieve  this  purpose,  a  high- 
fidelity  dynamic  trainer  is  required.  The  latter  should  simulate 
the  class  of  ship  to  which  personnel  are  assigned  with  respect  to 
arrangement  of  controls,  control- display  rates,  and  control-ship 
response  rates  and  effects. 

An  additional  important  training,  capability  under  this  requirement 
Includes  features  by  means  of  which  the  operator/instructor  can 
demonstrate  the  effects  on  recoverability  of  student  inefficiencies, 
response  delays,  omission  of  emergency  procedural  steps,  or 
erroneous  responses.  Typical  examples  from  the  past,  in  which 
minor  to  moderate  casualties  or  malfunctions  have  been  escalated 
by  personnel  error(s)  into  critical  casualties,  including  loss  of  life 
and  ships,  should  be  demonstrable. 

Reauirement  No.  5 


The  fifth  training  requirement  is:  to  ensure  in  DO's  the  ability  to 
analyze  and  maintain  trim  control  so  that  cues  of  a  malfunction 
from  indicators,  control  system,  or  ship  feel  are  not  compounded 
with  a  heavy  condition,  down  angle,  up  angle,  or  list  due  to  an  im¬ 
proper  or  unknown  trim.  Basic  casualty  control  training  in  trim 
analysis  and  control  is  required  for  junior  officers  in  Submarine 
School,  officers  being  assigned  to  sea  duty  after  shore  assignments 
(refresher),  and  senior  petty  officers  being  upgraded  to  serve  as 
DOOW's.  A  means  for  upgrading  and  refresher  training  at  oper¬ 
ational  submarine  bases  is  considered  to  be  the  primary  considera¬ 
tion,  since  the  basic  submarine  school  curriculum  contains  an  ade¬ 
quate  course  cf  instruction  in  this  area. 

The  required  basic  refresher  and  upgrading  training  approaches:  in¬ 
clude  classroom  aids,  stick  diagrams,  charts,  films,  transparen¬ 
cies,  and  texts  covering  the  equilibrium  polygon,  variable  ballast 
tanks,  trim  system,  etc.  Scale  models  of  the  system  would  also  be 
useful.  Although  classroom  aids  are  the  primary  means  for  iastruo 
tion,  a  generalized  dynamic  ship- control  trainer  is  also  needed. 

Such  a  device  should  demonstrate  the  effects  on  buoyancy  of  speed, 
depth,  and  plane  angles,  as  well  as  the  effects  of  trim  on  casualty 
recoverability.  In  particular-  effects  should  be  demonstrated  near 
the  surface  and  at  deep  depths. 

Trim  analysis  /control  and  associated  casualty  control  training  re¬ 
quire  a  high-fidelity  dynamic  ship- control  trainer  both  to  ensure 
high  individual  skill  levels  of  enlisted  and  commissioned  DOOW's 
and  to  develop  team  interactions  between  the  DOOW,  3CPO,  and 
plane smen.  Effects  to  be  incorporated  include  those  enumerated 
for  the  preceding  ship  command  and  control  training  requirements, 
plus  anomalies  in  which  compounded  casualties  and  errors  or  un¬ 
usual  failures  can  be  confused  with  an  out-of-trim  condition.  Team¬ 
work  by  the  ship-control  party  and  sophisticated  judgment  based  on 
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knowledge  of  the  effects  of  ship  system  status  and  actions  are  re^ 
quired  to  deal  with  the  type  of  anomaly  considered. 

To  provide  DO's  and  ship- control  teams  with  an  objective  appraisal 
of  their  handling  of  complex  problems  and  errors,  the  previously 
mentioned  closed-circuit  television  with  instant  replay  is  suggested. 

Requirement  No.  6 

The  sixth  training  requirement  is:  to  provide  in  planesmen  the 
ability  to  recognize,  diagnose,  and  initiate  appropriate  corrective 
responses  for  stern  planes,  fairwater  planes,  and  rudder  casualties. 
The  required  training  environment  will  be  fulfilled  by  the  training 
approaches  described  in  Items  b  through  e,  above. 

Requirement  No.  7 

The  seventh  training  requirement  is:  to  develop  in  DO's  the  ability 
to  recognize,  diagnose,  and  direct  corrective  action  for  depth  and 
deptu-rate  control  problems  due  to  indications  of  stern  plane,  fair- 
water  planes,  or  rudder  casualties.  The  required  training  environ^ 
meet  is  the  same  as  that  specified  hi  Itemsjc,  d,  and  f,  above. 

Requirement  No.  8 

The  eighth  training  requirement  is;  to  develop  in  DO's  the  ability 
to  Initiate  ship-control  actions  in  response  to  general  emergencies 
and  alarms,  and  as  directed  by  the  QOD,  This  will  include  emer¬ 
gency  surfacing,  depth  change  for  emergency  ventilation,  and  depth 
change  to  ordered  depth.  Training  is  required  at  basic  levels  for 
officers  and  PO's  being  upgraded  to  stand  the  DO  watch.  After 
assignment  to  a  ship,  during  off-duty  cycles,  and  during  upkeep  or 
overhauls,  intermediate  and  advanced  training  is  needed  to  sharpen 
judgment,  communication,  and  supervision  of  the  planesmen  and 
BCFO. 


Significant  basic  and  intermediate  training  of  personnel  in  the  evolu¬ 
tions  identified  in  this  training  requirement  car.  be  accomplished 
with  classroom  aids  and  films.  The  latter  should  show  system  ani¬ 
mation,  correlated  in  real  time  and  by  flashbacks  with  correct  pro¬ 
cedures.  Procedures  to  be  taught  include  format  and  timing  of  com¬ 
mands  and  acknowledgements.  Classroom  aids  and  films  should  also 
depict  potential  hazards  and  casualties  that  have  been  experienced 
during  these  evolutions  in  the  past. 

Practice  to  develop  rudimentary  skills  in  the  DOOVf  procedures  to 
carry  out  the  indicated  evolutions  can  be  accomplished  on  the  gen¬ 
eralized  dynamic  trainer  described  above  in  Items  b  and  c  and  with 
additional  malfunction  capabilities.  These  capabilities  are  in  the 
area  of-  emergency  MRT  blow,  vent  controls,  and  air-bank  pres¬ 
sure  failures. 
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Practice  to  develop  high  levels  of  individual  and  team  skills  in  the 
aforementioned  evolutions  will  require  the  use  of  a  high-fidelity, 
dynamic  ship-control  trainer.  The  device  for  this  purpose  should 
include  surface  effects  and  representation  ox  tactical  and  naviga¬ 
tional  factors  to  be  simulated  verbally  by  the  operator/instructor. 
Special  effects  should  include  the  possibilities  of  broaching,  exces¬ 
sive  ship  angles,  loss  of  propulsion,  and  ship  response  to  "blowing 
and  venting  of  special  tanks. 

j.  Requirements  No.  9  through  12 

The  next  four  training  requirements  are  treated  in  combination. 
They  are  as  follows: 

1.  To  develop  in  OOD' s /conning  officers  the 
ability  to  scan  and  monitor  ship-control  in¬ 
dications  and  BCP  indications,  to  evaluate 
ship  performance  so  as  to  detect  abnormal 
ship  status,  and  to  monitor  the  BCPO  and 
the  DO  for  perf ormance  that  is  inconsistent 
with  ship  safety  and  the  tactical  situation 

2,  To  develop  in  DO's  and  OOD's  an  apprecia¬ 
tion  of  the  safe  operating  envelope  for  the 
ship,  combining  such  factors  as  depth,  trim 
angle,  speed,  buoyancy,  powerplant  lineup, 
depth  rate,  and  the  tactical  situation 

3  -  To  develop  in  DO'  s  and  OOD'c  an  understand¬ 
ing  of  various  .corrective  actions  and  combina¬ 
tions  thereof  to  include  the  effect  of  alternate 
actions  on  recovery,  and  the  limitations  and 
implications  of  the  use  of  these  recovery  ac¬ 
tions 

4.  To  develop  in  OOD's  the  skill  to  initiate  ex¬ 
peditiously  the  proper  casualty  control  pro¬ 
cedures 

The  approaches  for  the  above  requirements  include  classroom  aids, 
films,  end  a  generalized  ship-control  trainer  for  training  basic  offi¬ 
cers  and  enlisted  diving  officers.  Classroom  aids  and  films  are 
needed  to  depict  subject  matter  such  as  the  following: 

1.  Nature  of  flooding  -  rates,  locations,  and  ef¬ 
fects 

2.  Components,  locations,  and  system  charac¬ 
teristics  of  the  SUBSAF  package 

3.  Modes  of  control  surface  failure 

4>  Recoverability  curves  and  nomograms  for 
flooding  .and  planes  failure  s 

5.  Communications  systems,  including  sound- 
powered,  MG  systems,  and  alarms  . 
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No  additions  need  to  be  made  to  the  dynamic  ship  control  trainer 
approaches  previously  generated. 

k.  Requirement  No.  13 

The  thirteenth  training  requirement  is:  to  develop  in  the  stern 
plane smen,  helmsman,  BCPO,  DO,  and  GOD  skill  in  evaluating 
the  progressive  effects  of  recovery  action  and  performance  of  fol¬ 
lowup  action  necessary  to  restore  a  safe  operating  envelope.  This 
is  interpreted  as  an  advanced  team  training  requirement  and  de¬ 
mands  high-fidelity  simulated  ship  performance  and  ship  systems 
response.  The  objective  will  be  to  provide  accurate  feedback  to 
ship-control  parties  on  the  results  of  their  decisions,  reaction  time, 
and  sequencing  of  recovery  actions. 

The  high -fidelity  simulator -trainer  should  thus  be  equipped  to  re¬ 
veal  depth  excursion;  air-bank  management,  including  negative  re¬ 
coverability  effects,  such  as  exceeding  crush  depth;  loss  of  propul¬ 
sion  due  to  excessive  ship  angle;  or  loss  of  capability  to  maintain 
the  ship  on  the  surface  due  to  air-bank  pressure  exhaustion  mis¬ 
management.  This  trainer  also  should  enable  the  control  party  to 
practice  correct  followup  actions  to  avoid  broaching  and  unneces¬ 
sary  departure  from  the  patrol  objectives. 

The  capability  to  provide  the  cr.ew  with  an  objective  appraisal  of 
their  actions  to  recover  from  compounded  and  complex  casualties 
is  mandatory  for  this  training  requirement. 

L  Requirement  No.  14 

The  fourteenth  training  requirement's:  to  exercise  the  ship-control 
team  in  effective  interactions  ^nd  communications.  With  the  excep¬ 
tion  of  a  communications  procedures  trainer,  no  additional  training 
devices  are  identified  lor  this  training  requirement.  The  principal 
needs  are  a  multiple-booth  communication  procedures  trainer  and  a 
high-fidelity  ship- control  trainer,  both  of  which  are  discussed  else¬ 
where. 

Two  special  features  that  should  be  provided  are  (1)  practice  for 
the  stern  planesmen  and  fairwater  planesman/helmsman  under  DO 
direction  in  coordinating  their  control  of  depth  and  trim  angle  and 
(2)  practice  for  the  DO  and  OOD  in  coordinating  their  orders  to  the 
BCPO  and  helmsman. 


5.  FIRE  RECOGNITION/ISOLATION/REPORTING 

The  training  requirements  for  fire  recognition,  isolation,  and  re¬ 
porting  .are  listed  in  Table  I.  The  methods  analysis  chart.  Appen¬ 
dix  G,  Table  G-H,  indicates  that  there  were  no  areas  in  which  offi¬ 
cer  training  and  enlisted-man  training  were  different  with  respect 
to  the  training  aid  requirements. 
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The  training  requirements  for  fire  recognition,  isolation,  and  re¬ 
porting  with  accompanying  recommendations  of  training  methods 
are. given  below. 

The  first  training  requirement  is:  to  ensure  that  all  personnel  have 
knowledge  of  the  nearest  communications/alarms  from  any  location 
in  all  levels  of  each  compartment.  This  requirement  is  a  ship- 
peculiar,  individual  skill  and  is  best  taught  during  ship  qualifica¬ 
tion.  Implied  in  this  requirement  is  the  individuals  ability  to  utilize 
effectively  the  communication  and  alarm  systems  under  normal  con¬ 
ditions  and  while  wearing  breathing  masks. 

The  second  training  requirement  is:  to  develop  in  all  personnel  a 
knowledge  of  all  combustibles  or  electrical  sources  of  fire  in  any 
part  of  their  assigned  watch  station.  This  requirement  is  also  in 
part  ship- peculiar;  however,  the  knowledge  of  shipboard  combus¬ 
tibles  can  be  and  should  be  presented  in  basic  training  in  the  class¬ 
room  environment.  The  instruction  could  be  reiterated  at  the  inter¬ 
mediate  level  of  training,  with  emphasis  on  the  flammable  charac¬ 
teristics  of  new  materials  and  the  properties  of  extinguisher  agents. 

As  in  the  first  requirement,  the  most  effective  training  would  be 
during  ship  qualification.  A  training  film  would  serve  as  an  effec¬ 
tive  supplement  to  demonstrate  the  flammable  nature  of  shipboard 
materials.  This  film  could  be  closely  integrated  with  other  class¬ 
room  training  requirements.  It  would  be  of  special  value  to  show 
the  relative  effectiveness  of  water,  CC^,  Ansui,  or  other  materials 

in  combating  such  fires  as  plastics,  electrical.  Mylar,  etc. 

The  third  training  requirement  is:  to  develop  in  all  personnel  the 
knowledge  of  equipment  arrangement,  controls,  and  location  for 
isolation  of  electrical  equipment  or  combustible  materials  involved 
in  a  fire.  The  general  location  of  these  items  can  be  taught  in  part 
in  basic  training;  but,  because  the  specific  locations  and  equipment, 
arrangements  vary  from  class  to  class  and  even  from  ship  tc  ship 
within  a  class,  instruction  is  best  given  on  the  intermediate  level 
of  training.  Again,  the  most  effective  training  would  be  on  board 
ship.  This  training  could  be  presented  to  teach  individual  skills  as 
well  as  simulate  fire  drills  requiring  team  action.  This  type  of 
training  is  presently  being  utilized  in  the  fleet. 

The  fourth  training  requirement  is:  to  develop  in  all  personnel  the 
knowledge  of  the  location  of  fire  extinguishers,  protective  gear, 
and  breathing  masks  in  all  compartments.  This  requirement  is 
closely  related  to  the  preceding  requirement,  so  training  can  be 
conducted  in  the  same  manner. 

The  fifth  training  requirement  is:  to  develop  in  all  personnel  the 
ability  to  judge  the  severity  of  a  fire.  This  requirement  may  very 
^well  be  satisfied  in  current  fire  fighting  schools.  A  facility  is  re¬ 
quired  where  individual  recognition  and  fire-fighting  proficiency  is 
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achieved  by  presenting  realistic  submarine  fire-fighting  problem 
situations,  including  the  actual  combustible  materials  and  realistic 
techniques.  This  type  of  exposure  is  the  most  effective  method  of 
developing  a  man's  ability  to  judge  the  severity  of  a  fire.  A  film 
could  be  used  to  supplement  this  training. 

Additional  study  is  needed  to  determine  the  most  desirable  charac¬ 
teristics  for  updating  fire-fighting  trainers. 


,  6.  FLOODING  RECOGNITION/ISOLATION/REPORTING 

The  training  requirements  for  flooding  recognition  are  presented 
in  Table  I.  The  methods  analysis  chart.  Appendix  G,  Table  G-III, 
shows  only  a  few  instances  in  which  officer  training  and  enlisted 
training  are  different  with  respect  to  training  aids.  These  differ¬ 
ences  will  be  pointed  out  in  the  subsequent  discussion. 

Flooding  training -methods  analysis  discussions  will  consider  the 
approaches  to  fulfillment  of  individual  training  requirements  as 
they  are  satisfied  throughout  the  training  levels.  The  casualty 
training  requirements  (critical  skills  and  knowledges)  are  dis¬ 
cussed  along-with  recommended  training  methods. 

The  first  training  requirement  is:  to  develop  in  all  personnel  the 
ability  to  recognize  the  various  manifestations  of  high-pressure 
flooding,  impingement,  and  vaporization.  It  is  important  to  em¬ 
phasize  the  aspect  of  "high  pressure"  in  this  requirement.  The 
ability  to  "recognize"  can  be  developed  only  by  visual  presenta¬ 
tions,  because  the  high-pressure  aspect  rules  out  actual  partici¬ 
pation  in  this  type  of  flooding  training.  The  training  approach, 
therefore,  is  to  provide  an  "outside-in"  demonstration  facility  to 
show  these  high-pressure  effects. 

This  facility  would  also  provide  realistic  sounds  associated  with 
high-pressure  flooding  and  could  possibly  be  integrated  with  lower- 
pressure  "get-wet"  type  of  training.  These  high-pressure  effects 
might  be  presented  just  as  effectively  in  a  training  film.  Class¬ 
room  aids,  such  as  photo  slides,  could  also  be  utilized  but  with 
limited  effectiveness. 

The  flooding  film  and  aids  are  urgently  needed  and  could  be  utilized 
on  all  levels  of  training.  One  major  contribution  of  these  devices 
to  ship  casualty  control  training  would  be  the  presentation  of  high- 
pressure  effects  on  a  scaled  basis  at  different  rates  so  that  a  trainee 
would  then  have  some  basis  for  estimating  the  severity  of  a  ship¬ 
board  flooding  situation.  At  present,  there  is  no  satisfactory  method 
to  provide  this  training. 

At  least  one  high-pressure,  oiitside-in  flooding  demonstration  trainer 
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is  -needed  for  several  reasons..  The  first  is  to  show  the  effects  of 
flooding  at  depth  through  hole  sizes  typical  of  SSBN’s  and  SSN's, 
subh  as  one-quarter,  one-half,  one,  two,  and  four  inches.  Some 
of  the  effects  to  be  seen  would  be  flooding  rate  in  the  compartment, 
damaging  of  equipment,  and  vaporization.  Another  reason  why 
such  a  device  is  required  is  that,  once  built,  it  could  also  be  used 
as  a  valuable  research  tool  for  developing  hew  concepts  of  flooding 
damage  control  at  depth  as  well  as  dynamic  stress  testing  of  any 
new  configuration  of  piping  and  valves  that  might  be  developed  in 
the  future. 

A  second  training  requirement  is:  to  develop  in  all  personnel  the 
knowledge  of  functional  flow,  hull  openings,  and  other  sources  of 
flooding  by  physical  location  within  compartments.  This  require¬ 
ment  indicates  a  need  for  general  knowledge  of  sources  of  flooding 
as  well  as  a  specified  knowledge  of  the  physical  location  of  potential 
flooding  sources  within  compartments.  On  the  basic  level,  this  re¬ 
quirement  can  be  partially  covered  by  classroom  lectures  and  aids. 
The  basic-level  shipboard  visit  can  serve  as  a  first  exposure  to 
these  flooding  sources,  and  the  latter  should  definitely  be  empha¬ 
sized*  on  these  visits. 

This  requirement  cannot  be  completely  or  well  satisfied  until  the 
trainee  is, assigned  to. a  specific  ship.  This  is  at  the  intermediate 
training  level,  where  he  may  be  given  instruction  to  develop  specif¬ 
ic  ship  knowledge  and  visual  memory  of  structure  and  piping  neces¬ 
sary  to  locate  flooding  sources.  For  a  transitional  student,  the 
training  would  emphasize  the  new  and.  different  features  of  the  ship 
to  which  he  is  transferred. 

The  most  effective, training  for  this,  requirement  would  be  the  actual 
ship,  although  complex  scale -model  cutaways  might  be  considered 
for  advanced  training. 

A  third  training  requirement  is:  to  develop  in  all  personnel  the 
knowledge,  and  visual  memory  necessary  to  isolate  or  retard  all 
possible  sources  of  flooding.  This  applies  to  the  hull  and  backup 
stops  as  well  as  to  the  SUBSAF  control  panels  in  adjacent  compart¬ 
ments  or  levels  'within  a  compartment.  This  requirement  can  be 
satisfied  by  using  the  same  approaches  as  those  in  the  second  re¬ 
quirement,  above,  with  the  addition  of  a  generalized  dynamic  "get- 
wet"  training  device* 

The  purposes  of  the  get-wet  trainer  are  twofold.  One  is  to  ensure 
that  personnel  do  hot  under-  or  over-react  to  a  flooding  casualty. 
The  need  exis'ts  for  a  get-wet  trainer  that  provides  realistic  sights 
and  sounds  to  adapt  the  trainee  to  the  flooding  sihiation,  since  only 
two  or  three  senior  officers  from  the  dozen  or  more  ships  inter- 
yiewed.had  experienced floodin g .  Based  on  the  anecdotal  evidence, 
their  first-time  reaction  to  the  sight  of  water  entering  the  ship  was 
not  adaptive. 
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The  other  purpose  of  get-wet  training  is  to  provide  an  objective 
anchor  point  for  scaling  the  rate  of  water  influx.  To  fulfill  this  re¬ 
quirement  completely,  the  get-wet  trainer  would  be  utilized  at  all 
levels  of  training.  A  basic  trainee  would  get  his  first  flooding  ex¬ 
posure  under  stress  while  learning  damage  control  techniques. 

The  trainer  would  also  be  useful  at  the  intermediate  level  for  train¬ 
ing  the  man  transferring  from  diesel  to  nuclear  in  more  realistic 
get-wet  situations. 

At  the  advanced  level,  teams  can  participate  in  flooding,  isolation, 
and  retardation  problems.  This  type  of  general-emergency  prob' 
lem  situation  requires  that  personnel,  at  the  scene,  improvise  an 
organization  to  handle  the  casualty  control  functions  until  the  dam¬ 
age  control  party  arrives  or  to  control  the  damage  themselves. 

Data  collection  and  personnel  interviews  indicate  that  additional 
study,  related  to  the  get-wet  trainer,  is  needed  to  determine  the 
characteristics  of  such  a  device. 

A  fourth  training  requirement  is:  to  develop  in  all  personnel  the 
knowledge  of  what  systems  would  be  affected  directly  by  flooding 
and  quick  fixes  or  improvisations  to  protect  essential  systems 
from  flooding  damage.  Thic  requirement  is  also,  in  part,  handled 
by  classroom  training  aids  and  probably  will  be  well  satisfied  by 
a  generalized-flooding,  get-wet  dynamic  trainer.  The  utilization 
of  the  training  device  to  seek  quick  fixes  and  improvisations  lends 
itself  well  to  forceful  presentation. 

It  is  felt  that  there  exists  an  immediate  need  for  classroom  train¬ 
ing  material  to  solve  this  requirement  at  the  intermediate  level. 

This  will  require  some  additional  study  to  determine  how  flooding 
in  various  locations  on  the  ship  can  affect  the  numerous  ship  sys¬ 
tems.  The  requirements  for  team  training  are  as  indicated  in  the 
third  requirement,  above. 

A  fifth  training  requirement  is:  to  develop  in  all  personnel  a  knowl¬ 
edge  of  system  effects  due  to  various  flooding  isolation  actions  and 
of  optimum  lineups  to  optimize  residual  ship  control  capability. 

Much  of  the  information  to  satisfy  this  requirement  can  be  presenied 
effectively  in  a  classroom  situation.  Additional  knowledge  of  the 
effects  of  flooding  and  isolation  action  can  be  derived  from  the  gen¬ 
eralized  ship-control  trainer  at  the  basic  level.  This  knowledge 
can  be  improved  upon  in  the  intermediate  and  advanced  levels 
through  the  use  of  a  high-fidelity,  dynamic  ship-control  trainer.  A 
generalized  trainer  could  also  be  used  at  these  levels  with  reduced 
effectiveness  due  to  hydrodynamic  ship  response  differences.  In 
upgrading  enlisted  men,  the  BCP  operation  of  the  generalized  dy¬ 
namic  ship-control  trainer  would  be  valuable  in  teaching  lineups 
and  the  effects  of  flooding  casualties  on  ship  control. 

This  training  would  include  the  knowledge  and  skills  associated  with 
the  hydraulic- system  functioning  and  mode  controls,  trim  and  drain 
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systems,  snorkel  and  mast  operations,  main-ballast-tank  blow  and 
vent  operations,  negative  or  hovering  systems,  and  hull-opening 
indicator  systems. 

A  sixth  .training  requirement  is:  to  develop  in  all  personnel  the 
perceptual  motor  skill  to  isolate  correctly  the  affected  systems, 
such  as  electrical  units  or  circuits,  and  achieve  the  optimum  line¬ 
up  for  continued  ship  recovery  capability.  This  particular  require¬ 
ment  is  best  realized  by  shipboard  training  for  both  officers  and 
enlisted  men,  with  the  possible  exception  of  the  maneuvering -room 
watcnstanders,  whose  panel  operating  functions  have  been  excluded 
from  the  scope  of  this  study.  It  is,  however,  necessary  that  officer 
training  begin  in  the  classroom,  with  a  consideration  of  optimum 
lineups  on  the  diving  panel,  of  the  BCP,  and  of  requests  to  the 
maneuvering  room,  as  well  as  alternate  modes  of  ship  systems  op¬ 
eration  during  and  after  potential  flooding  casualties.  Perceptual- 
motor  skills  in  the  isolation  of  electrical  units,  under  impending 
flooding  casualties,  can  be  partially  accomplished  in  basic  train¬ 
ing  by  early  exposure  to  isolation  techniques  on  board  ship,  although 
a  get-wet  flooding  trainer  will  probably  prove  necessary  upon  further 
study. 

The  final  training  requirement  for  flooding  casualty  control  is;  to 
develop,  in  qualified  watchstanders,  the  capability  to  communicate 
properly  the  initial  report  of  flooding  as  to  its  nature  and  location, 
plus  amplifying  3tatus  reports  unde?  conditions  of  stress,  noise, 
and  physical  interference.  This  requirement  indicates  a  definite 
need  for  communications  training.  The  best  approach  is  a  proce¬ 
dures  trainer  for  utilization  in  the  development  of  individual  and 
team  communication  skills.  This  implies  that  training  be  given 
periodically  throughout  all  training  levels  to  both  officers  and  en¬ 
listed  men. 

Communications  training  is  also  of  special  importance  for  upgrad¬ 
ing  enlisted  men  to  act  as  DO  or  3CPO.  As  a  supplementary  aid 
for  flooding  training,  the  generalized,  dynamic  get-wet  trainer 
should  probably  have  communication  circuits  for  use  during  stress, 
noise,  and  flooding.  Functional  requirements  for  the  communica¬ 
tions  trainer  are  included  in  Section  V  of  this  report. 


7.  ATMOSPHERIC  CONTAMINATION/RECOGNITION/CONTROL 

The  training  requirements  for  atmospheric  contamination  have  been 
developed  in  Section  IV,  Subsection  Three.  The  methods  analysis 
chart.  Appendix  G,  Table  G-IV,  shows  that  the  required  devices 
and  training  are  essentially  the  same  for  both  officers  and  enlisted 
men.  The  following  discussion  of  training  approaches  for  atmos¬ 
pheric  contamination  outlines  the  means  by  which  the  training  re¬ 
quirements  can  be  fulfilled. 
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The  first  training  requirement  is:  to  develop  in  all  personnel  the 
ability  to  recognize  the  following  gases: 


Aerolein 

Amine 

Ammonia 

Chlorine 

Formaldehyde 

Hydrogen  chloride 


Monoethanolamine 
Ozone 
Phosgene 
Selenium 
Sulfur  dioxide 
Hydrogen  fluoride 


This  requirement,  as  well  as  the  second  requirement,  below,  in¬ 
volves  the  development  of  individual  skills  in  keeping  with  the  defi¬ 
nition  of  training  levels  in  this  study.  No  advanced  team  training 
is  anticipated.  The  recognition  of  these  gases  requires  knowledge 
of  their  potential  sources,  odors,  effects  on  personnel,  and  admin¬ 
istration  of  antidotes.  Demonstration  and/or  description  of  the 
gases  and  their  odors  could  be  provided  readily  at  both  the  basic 
and  intermediate  leVels,  Classroom  aids  may  consist  of  slides  or 
charts  and  small  quantities  of  material  with  characteristic  odors 
that  can  be  safely  and  economically  released  from  vials. 

The  second  training  requirement  is:  to  ensure  that  personnel  know 
the  location  of  the  nearest  communication  box  in  the  various  watch 
areas.  This  requirement  is  a  ship-peculiar  individual  skill  and  is 
best  taught  during  ship  qualification. 


The  third  training  requirement  is:  to  teach  the  location  of  materi¬ 
als  and/or  controls  required  for  emergency  revitalization.  This 
requirement  is  envisioned  as  being  best  taught  on  board  ship.  How> 
ever,  classroom  instruction  utilizing  actual  emergency  equipment, 
its  usage,  limitations,  etc.  could  be  provided.  This  requirement 
also  includes  a  need  to  provide  communications  training  while 
utilizing  emergency  measures,  such  as  the  emergency  breathing 
apparatus. 

On  the  upgrading  of  enlisted  men,  there  exists  a  definite  need  for 
training  to  ensure  that  potential  BCPO’s  are  thoroughly  familiar 
with  the  location  of  all  materials  and/or  controls  required  for 
emergency  air  revitalization.  This  is  necessary  since,  in  the 
emergency  situation,  the  BCPO  is  the  main  communicator  and 
must  have  this  knowledge  to  be  effective. 

This  discussion  leads  to  the  fourth  training  requirement  for  atmos¬ 
pheric  .contamination  control,  which  i3:  to  develop  the  requisite 
skills  and  knowledge,  including  BCP  operation  and  local  actions, 
for  emergency  ventilation.  This  requirement  is  best  developed  on 
the  intermediate  level  with  ship-particular -type  training.  Train¬ 
ing  onboard  ship  and  in  the  classroom  are  equally  important  in 
teaching  ventilation-system  operational  characteristics.  Again, 
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when  enlisted  men  are  upgraded  to  serve  as  pOOWls,  it  is  recom¬ 
mended  that  they  receive  special  training  on  either  BCP  emer¬ 
gency  procedures  trainers  or  generalised,  dynamic  ship-control 
trainers. 

Personnel  being  upgraded  for  BCP  operation  need  to  be  trained 
with  the  use  of  classroom  aids  and  receive  practice  on  a  proce¬ 
dural  trainer  with  symbolic  representation  of  flow.  The  trainer 
should  have  a  realistic  control  display  arrangement.  As  in  all 
training  of  this  nature,  the  first  exposure  to  ventilation  evolutions 
can  and  is  presented  to  officers  and  enlisted  men  on  the  basic 
level. 

A  training  film  would  appear  to  be  useful  in  partially  fulfilling  the 
four  preceding  requirements  and  should  perhaps  be  developed  as 
a  supplement  to  the  other  training  apparatus  as  outlined  above. 


8.  PROPULSION  CASUALTIES  (SHIP  CONTROL  EFFECTS) 

The  training  requirements  for  propulsion  casualty  effects  have  been 
developed  in  Table  I.  The  first  skills/knowledge  training  require¬ 
ment  is:  to  teach  command  and  control  officers  who  are  not  nuclear 
trained  to  evaluate  the  residual  capability  of  the  propulsion  system 
upon  report  of  system  casualties  and  status.  By  definition,  this  re¬ 
quirement  is  satisfied  on  the  intermediate  level  by  classroom  train¬ 
ing  dealing  with  the  propulsion  system.  Practice  on  a  generalized 
dynamic  ship  control  trainer  would  be  of  value  to  show  effects  of 
propulsion  on  alternate  recovery  actions.  A  film  dealing  with  this 
subject  could  be  considered  as  a  supplementary  aid. 

The  second  training  requirement  is:  to  exercise  control  officers 
to  solve  ship-control  problems  in  combination  with  propulsion- 
system  casualties.  The  best  training  approach  for  tbi3  require¬ 
ment  is  a  high-fidelity  dynamic  ship-control  trainer.  High  fidelity 
is  necessary  to  present  the  problem  situation  correctly  and  to  pro¬ 
vide  objective  knowledge  of  results  as  essential  feedback  for  learn¬ 
ing. 

9.  ELECTRICAL  RECOGNITION/JSOLATION/REPORTING 

The  training  requirements  for  electrical  recognition/isoiation/- 
reporting  have  been  developed  in  Table  I.  As  indicated  by  the 
methods  analysis  chart.  Appendix  G,  Table  G-VI,  training  meth¬ 
ods  for  officers  and  enlisted  men  are  essentially  the  same.  The 
training  requirements  (skills  and  knowledge)  for  electrical  casual¬ 
ties  recognition,  isolation,  and  reporting  are  described  below  with 
accompanying  recommended  training  methodsc 
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The  first  training  requirement  is:  to  provide  knowledge  of  funda¬ 
mental  electrical  malfunction  indications.  This  requirement  could 
be  well  handled  through  classroom  training  supplemented  by  demon¬ 
strations  of  typical  electrical  equipment  operation,  included  in  this 
presentation  would  be  indications  of  normal  and  abnormal  operation. 

A  second  training  requirement  is:  to  learn  the  location  of  electrical 
isolation  boxes.  The  actual  location  cam  be  taught  only  by  thorough 
shipboard  training.  The  complexity  of  wiring  and  interconnection 
capability  requires  that  a  man  be  as  knowledgeable  as  possible  in 
3hips  and  standard  coding  techniques,  so  that  not  only  will  he  have 
no  difficulty  in  locating  the  box,  but  no  difficulty  in  correct  isola¬ 
tion. 

This  leads  to  the  third  electrical  training  requirement,  which  is: 
to  provide  ah  understanding  of  equipment  functions  in  the  overall 
electrical  system.  This  understanding  is  necessary  if  a  man  is  to 
perform  successful  emergency  isolation.  Presently,  a  man  may 
not  isolate-major  equipment  unless  directly  ordered  to  do  so. 

The  ability  of  the  individual  to  judge  the  severity  of  the  malfunction 
should  be  developed  as  quickly  as  possible  by  classroom  instruc¬ 
tion  and  training  film.  The  intent  should  be,  not  to  authorize  the 
man  to  isolate  major  equipment  on  his  own  judgment,  but  to  pro¬ 
vide  him  with  the  ability  to  gain  access  to  the  situation  in  an  intel¬ 
ligent  manner,  enabling  him  to  be  alert  to  probable  orders. 

The  fourth  requirement  is:  to  ensure  correct  communications  with 
necessary  personnel.  Requirements  very  similar  to  this  have  been 
previously  discussed  for  flooding,  fire,  and  atmospheric  contami- 
naticjr.  and  therefore  will  not  be  repeated  here. 

10.  SHIP-SYSTEMS  MONITORING  AND  CONTROL 

a.  General 

The  training  requirements  for  ship-systems  monitoring  and  control 
are  listed  in  Table  I.  The  methods  analysis  chart.  Appendix  G, 
Table  G-VH,  indicates  that  there  are  different  requirements  and 
training  approaches  for  officers  and  enlisted  men.  The  ship-sys¬ 
tem  monitoring  and  control  discussion  in  Section  V  outlines  the  ap¬ 
proaches  for  fulfilling  these  requirements.. 

Items  b  through  h,  below,  cover  training  requirements  for  the 
BCPO,  DO,  OOD,  and  local  watchctanders. 

b.  Requirement  No.  1 

The  first  training  requirement  is:  to  detect  malfunctions  based  on 
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local  indication(s)  at  the  BCP.  This  training  requirement  for  offi¬ 
cers  was  considered  to  be  satisfied  best  by  participation  of  the  DO 
and  OOD  in  advanced  team-training  problems.  To  provide  data 
sufficiently  accurate  for  the  DO  or  OOD  to  make  meaningful  deci¬ 
sions,  the  team  trainer  must  be  of  the  high-fidelity,  dynamic  ship- 
control  type.  The  BCP's  norma’,  operation  and  normal  systems 
function,  as  well  as  malfunction  cues  and  troubleshooting  proce¬ 
dure,  can  be  taught  in  the  classroom  at  both  the  basic  and  inter¬ 
mediate  levels  of  training.  To  satisfy  this  requirement  fully,  ad¬ 
ditional  basic  officer  training  should  lie  given  on  a  generalized,  dy¬ 
namic  ship-control  trainer  with  a  malfunction-insertion  capability. 

The  current  practice,  of  upgrading  IC  electricians  and  forward 
auxiliarymen,  or  similarly  qualified  personnel,  to  BCPO’s,  pre¬ 
sents  a  special  training  problem.  The  best  approach  is  to  provide 
practice  on  a  BCP  emergency  procedures  trainer  and  a  fidelity  dy¬ 
namic  ship-control  trainer.  Early  malfunction  detection  can  pro¬ 
vide  important  clues  to  impending  casualties  or  current  casualties 
and  serve  as  a  basis  for  casualty  prevention.  It  is  essential  that 
the  BCPO  trainees  be  made  aware  Gf  these  possibilities  and  that 
classroom  training  be  given  to  supplement  the  trainer  practice. 

Rudimentary  skill  can  be  developed  in  a  generalized,  dynamic  ship- 
control  trainer.  Shipboard  training  has  a  drawback  in  that  many 
malfunctions  and  practice  in  full  emergency  action  can  not  be  tol¬ 
erated.  The  generalized  dynamic  trainer  is  poor  in  that  negative 
transfer  effects  will  occur  with  respect  to  emergency  actions  es¬ 
sential  to  recoverability  action,  such  as  manual  activation  of 
emergency  MBT  blow  and  alternate  hydraulic  system  lineups. 

£.  Requirement  No.  2 

The  second  training  requirement  is:  to  know  the  location  of  com¬ 
ponents  controlled  and/or  operated  from  the  BCP.  This  is  one  of 
the  most  important  requirements  for  a  BCPO.  Most  of  this  knowl¬ 
edge  probably  will  be  developed  on  board  ship  while  the  enlisted 
man  is  qualifying  as  IC  electrician  or  forward  auxiliaryman.  When 
these  enlisted  men  are  in  the  process  of  being  upgraded,  it  is  es¬ 
sential  that  classroom  training  be  given  to  supplement  their  previ¬ 
ous  shipboard  experience. 

As  an  additional  requirement,  a  BCP  emergency  procedures  trainer 
is  recommended;  this  device  will  include  an  operable  replica  of  the 
BCP  with  an  animated  display  of  the  system  to  show  conceptually 
what  subsystems  and  major  components  are  indicated  and/or  con¬ 
trolled  at  the  BCP.  Such  a  device  is  needed  for  training  both  offi¬ 
cers  and  enlisted  men.  The  importance  of  this  knowledge  cannot 
be  overemphasized:  it  is  the  BCPO  who  is  expected  to  communi¬ 
cate  and  localize  any  malfunction  associated  with  the  systems  con¬ 
trolled  and  monitored  at  the  BCP;  and,  for  effective  casualty  con¬ 
trol,  he  must  have  this  knowledge. 
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d.  Requirement  No.  3 

The  third  training  requirement  is:  to  understand  the  effect  of  each 
malfunction  on  system(s)  and  ship  operations.  This  requirement 
is  very  closely  related  to  the  preceding  requirement  and  the  same 
trailing  approach  applies.  In  addition,  training  should  be  provided 
for  basic  officers  to  develop  supervisory  and  control  capabilities. 

The  most  effective  approach  at  this  level  is  a  generalized  dynamic 
ship  control  trainer  combined  with  classroom  instruction  and  dem¬ 
onstration  on  the  BCP  trainer.  Shipboard  instruction  should  be 
given  toward  satisfying  this  requirement  during  the  basic  officer 
ship-training  tour.  Additional  officer  training  should  be  supplied 
.  t  the  intermediate  level  in  the  form  of  high-fidelity  dynamic  train¬ 
ing  and  a  film,  both  of  which  are  related  to  the  training  require¬ 
ment  in  terms  of  the  trainee's  class  of  submarine.  Further  sharp¬ 
ening  of  officer  skills  is  possible  by  including  the  malfunction  and 
effects  on  ship's  systems  in  the  high-fidelity,  dynamic  ship- con¬ 
trol  trainer. 

e.  Requirement  No.  4 

The  fourth  training  requirement  is;  to  understand  anu  implement 
alternate  methods  or  modes,  if  available,  for  accomplishing  each 
ship  system  function.  This  requirement  is  fulfilled  by  developing 
individual  and  team  knowledge  and  skills  in  enlisted  men.  BCPO 
training  is  envisioned  as  substantially  classroom  training,  with 
practice  on  a  BCP  emergency  procedure  trainer  and  on  a  high- 
fidelity,  dynamic  ship- control  trainer.  BCPO  shipboard  experi¬ 
ence  is  essential  and  applicable,  but  practice  is  required  in  emer¬ 
gency  actions  that  cannot  be  safely  introduced  on  the  ship. 

For  officers,  classroom  aids  are  needed  in  basic  training,  and  a 
film,  integrated  with  the  film  of  Requirement  No,  3,  above,  would 
be  useful  to  develop  individual  knowledge  in  the  intermediate  level 
of  training.  Practice  on  a  high-fidelity  ship-control  trainer  is  re¬ 
quired  to  develop  individual  and  team  skills  in  ship  control  and  de¬ 
cision  making. 

f.  Requirements  No.  5  and  6 

The  fifth  training  requirement  is;  to  report  malfunctions  to  the 
OOD  and  DO.  This  is  closely  related  to  the  sixth  requirement:  to 
direct  local  watchstanders  to  take  corrective  action  via  the  most 
direct  communications  system. 

These  two  requirements  indicate  a  need  for  training  the  BCPO  to 
be  an  unusually  effective  communicator.  Thus  he  requires  instruc¬ 
tion  in  correct  procedures,  phraseology,  function,  and  location  of 
watchstanders;  in  local  emergency  actions  that  can  be  taken  by 
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local  watchstanders;  and  in  equipment  at  those  locations.  Class¬ 
room  aids  and  film  animation  should  be  used  in  this  phase. 

For  advanced  skills,  practice  on  a  communications  procedural 
trainer  is  needed.  Practice  in  advanced  individual  skills  should 
be  provided,  as  at  present,  aboard  ship. 

Officers  also  need  to  practice  communications;  their  .training  can 
begin  at  the  basic  level  with  communication  procedural  training, 
using  classroom  aids  and  films  as  recommended  for  the  BCPO. 

As  the  officer  advances,  communications  practice  should  be  inte¬ 
grated  with  his  training  up  to  and  including  the  high-fidelity,  dy¬ 
namic  ship- control  trainer. 

J£*  Requirements  No.  7  through  9 

The  following  three  training  requirements  for  local  personnel  are 
treated  in  combination;  to  detect  malfunctions  based  on  local  indi¬ 
cations,  to  understand  how  local  components  affect  total  ship  sys¬ 
tems  and  ship  operations,  and  to  shift  to  alternate  modes  of  oper¬ 
ation  an  .  ’jx  isolate  components / systems  as  directed  by  senior 
control  stations  or  as  required  in  a  casualty  situation. 

The  basic-enlisted-level  classroom  instruction  should  include 
course  content  and  aids,  for  example,  training-aid  booklets  deal¬ 
ing  with  these  items  supplemented  by  a  demonstration  using  the 
BCP  emergency  procedures  trainer.  Also  at  the  basic  enlisted 
level,  shipboard -visits  would  be  of  considerable  value  in  learning 
the  location  and  appearance  of  potential  component  failures  and  the 
location  and  mode  of  operation  of  panels  and  other  devices  used  in 
emergency  actions.  The  system  effects  of  malfunctions  can  he 
presented  on  the  generalized  basic  dynamic  ship-control  trainer. 

It  is  important  that  basic  enlisted  men  have  as  much  training  in 
normal  systems  operation  as  possible,  for  it  is  by  knowing  normal 
systems  operation  that  the  local  watchstanders  will  be  able  to  de¬ 
tect  abnormal  operation.  As  in  many  of  the  requirements,  polished 
skills  cannot  be  developed  until  the  basic  submariner  is  assigned 
to  a  ship.  Hence,  at  the  intermediate  level,  additional  instruction 
directed  toward  the  trainee’s  assigned  class  of  ships  should  be 
given  to  satisfy  these  requirements.  The  best  method  of  training 
for  the  local  watchstander  is  to  fulfill  his  ship  qualification  and 
watchstander  qualification  requirements. 

Training  similar  to  that  for  local  personnel  should  be  presented  to 
the  transitional  officer  and  can  also  be  integrated  with  officer  ship¬ 
board  training.  A  film  and/or  animated  schematics  treating  sys¬ 
tem  effects  of  malfunctions  on  local  levels  is  worthy  of  considera¬ 
tion.  For  training  in  detection,  classroom  aids  in  the  form  of 
charts,  slides,  and  typical  components  should  he  available. 
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The  -tenth  training  requirement  is:  to  report  changes  in  status  to 
control  or  maneuvering  by  local  personnel  as  appropriate,  via  the 
most  direct  communications  system.  Training  approaches  needed 
for  this  requirement  are  the  same  as  those  described  for  Require¬ 
ments  No.  5  and  6,  above. 
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The  training  method  analysis  developed  the  need  for  training 
aids  and  devices  that  would  provide  the  means  of  satisfying 
the  training  requirement  as  determined  in  the  training  re¬ 
quirement  analysis.  These  aids  and  devices  are  described 
and  discussed  in  Section  V. 

The  characteristic  requirements  of  new  dynamic  ship  control 
trainers  are  among  the  results  of  the  simulation  requirements 
analysis.  These  recommended  characteristics  (given  in  Ap¬ 
pendix  F)  are  for  the  dynamic  ship  control  trainer  required  to 
provide  advanced  team  ship  casualty  control  training.  The 
trainer  characteristics  are  intended  to  be  used  as  trainer  simu¬ 
lators  for  both  the  SSN  and  SSBN  types  and  other  classes  of 
submarines.  Flexibility  is  a  recommended  feature  but  would 
not  be  mandatory  if  it  should  prove  to  be  undesirable  from  the 
user's  standpoint. 

Some  other  pertinent  facts  in  Appendix  F  are  recommended 
characteristics  that  provide  for  a  device  of  higher  fidelity  than 
is  presently  available.  Recommendations  include  removal  of 
the  operator  console  from  the  platform,  a  study  regarding  the 
addition  of  collision  impact,  utilization  of  TV  recording  for 
scoring  of  problems,  and  simulation  of  the  AMC  system. 
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Dynamic  Ship  Control  Trainers 


GENERAL 

Dynamic  ship  control  trainers  are  required  at  all  levels  of  casu¬ 
alty  control  training,  as  indicated  by  the  training  methods  analy¬ 
sis.  A  difference  in  complexity  exists,  however,  in  the  dynamic 
trainer  required  for  each  level.  The  differences  are  a  function  of 
training  level,  trainee,  nature,  and  extent  of  casualties  being  pre¬ 
sented,  and  the  capability  to  accept  future  changes  of  ship  systems 
or  hull  modifications.  The  dynamic  trainer  for  basic  training  re¬ 
quires  a  relatively  gross  simulation  when  compared  with  the  faith¬ 
ful  simulation  device  that  must  be  employed  in  intermediate  and 
advanced  team  training.  The  differences  vary  over  a  wide  range 
but  do  not  present  as  serious  a  problem  as  appears  at  first  glance. 
Because  of  the  unique  simulation  approaches  that  were  formulated 
in  determining  the  trainer  characteristics  for  each  level,  it  is 
technically  feasible  to  handle  the  range  of  differences. 

To  present  these  simulation  approaches  and  provide  an  under¬ 
standing  of  the  additional  concepts,  an  introductory  discussion  of  a 
submarine  command  and  control  simulator  trainer  and  its  com¬ 
puter  complex  are  presented  in  this  subsection. 


SUBMARINE  SIMULATOR  AND  ITS  COMPUTER  COMPLEX 

The  purpose  of  differences  of  complexity  in  simulation  in  dynamic 
ship  control  devices  is  to  impart  different  levels  of  casualty  con¬ 
trol  training.  Each  device  consists  of  a  simulated  submarine  con¬ 
trol  room,  a  trainer  operator  console,  and  a  computer  complex. 

The  simulated  control  room  includes  a  steering  and  diving  station 
and  a  ballast  control  panel  (BCP).  The  trainer  operator  console 
contains  controls  and  indications  necessary  for  controlling  the 
problem,  monitoring  the  trainee’s  control  actions,  and  monitoring 
the  ship  response  to  both  the  trainee’s  actions,  and  the  operator 
inputs.  The  computer  complex  contains  the  mathematical  model, 
logic,  and  input- output  equipment  to  simulate  the  submarine.  The 
computer  may  be  analog,  digital,  or  hybrid,  with  the  understand¬ 
ing  that  similar  logic  and  input-output  equipment  will  always  be 
required.  The  computer  is  intended  to  be  composed  of  general- 
purpose  computer  hardware  components. 

The  characteristic  requirements  of  simulator  training  devices  are 
defined.as  the  delineation,  of  features  necessary  to  provide  the 
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simulated  shop  control  actions,  ship  responses,  and  ship  casualties 
that  are  required  of  the  device,  including  the  degree  and  manner  of 
their  simulation.  These  characteristics  are  necessary  to  satisfy 
the  training  requirements  resulting  from  the  requirements  and 
methods  analyses. 

If  one  of  the  three  parts  of  the  simulator,  that  is,  simulated  control 
room,  operator  console,  or  computer  complex,  were  selected  to 
typify  all  the  characteristic  requirements  of  the  device,  it  would  be 
the  computer  complex.  The  computer  complex  reflects  these 
characteristics,  since  it  includes  the  imputs  and  outputs  that  relate 
to  the  trainee's  and  operator’s  controls  and  indications.  There¬ 
fore,  the  computer  complex  will  be  discussed  to  show  how  the  rec¬ 
ommended  characteristics  apply  to  the  device.  Subsequently,  fac¬ 
tors  such  as  completeness,  complexity,  fidelity,  flexibility,  and 
cost  of  these  devices  can  be  weighted  more  readily  by  examination 
of  the  characteristics  in  the  computer  complex.  The  submarine 
hydrodynamic  characteristics  constitute  a  significant  portion  of  the 
computer  complex,  while  the  control  systems  combined  with  the 
contemplated  casualties  make  up  smother  portion. 

These  portions  of  the  computer  complex  can  be  considered  to  be 
independent,  as  shown  by  the  dashed  line  in  the  block  diagram  of 
the  computer  complex  in  Figure  4.  This  independence  will  be 
made  more  apparent  as  this  discussion  progresses.  The  hydrody¬ 
namic  portion  of  the  computer  complex,  as  shown  in  Figure  4  has 
inputs  from  the  ship's  system  portion.  These  inputs  are  the  spe¬ 
cific  ship  parameters  that  the  trainee  and  trainer  operator  can 
control:  namely,  the  thrust  (rpm),  the  amount  and  distribution  of 
water  in  the  individual  tanks  in  the  trim,  main  ballast,  and  nega¬ 
tive  or  hovering  tank  systems;  control  surface  position  {planes  and 
rudder);  trim  condition  control;  sea  state;  flooding  rate;  flooding 
location;  and  collision  impact  forces  and  moments.  The  outputs 
from  the  hydrodynamic  portion  are  the  depth  of  the  center  of 
gravity  of  the  ship,  depth  rate,  ship's  speed,  pitch  angle,  roll  an¬ 
gle,  and  rate  of  change  of  heading. 

The  submarine  hydrodynamic  equations  are  shown  in  Figure  5.  It 
is  not  intended  to  go  into  the  deviation  of  the  equations  of  Figure  5, 
but  the  equation  term  effects  will  be  discussed  as  they  relate  to  the 
computer  complex.  The  equations  are  a  version  of  a  complete  set 
of  equations  describing  the  motion  of  a  submarine.  The  six  differ¬ 
ential  equations  are  (1)  axial  force,  (2)  vertical  force,  (3)  pitch 
moment,  {4)  lateral  force,  (5)  roll  moment,  and  (6)  yaw  moment. 
The  six  variables  of  these  equations  u,  v,  w,  p,  q,  and  r  are,  re¬ 
spectively,  axial,  lateral,  and  vertical  velocities  and  roll,  pitch, 
and  yaw  rates.  The  "dot"  terms  are  their  time  deviations.  The 
auxiliary  relations  across  the  bottom  of  Figure  4  relate  the  euler 
angles,  depth  rate,  and  ship  speed  to  the  six  truly  variable  quanti¬ 
ties  described  by  the  six  equations.  A  dotted  line  drawn  through 
the  six' equations  separates  these  controlling  the  hydrodynamic  ef¬ 
fects  from  the  variables  controlled  by  the  operator  and  trainee. 
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The  purpose  is  to  show  the  hydrodynamic  damping  and  cross  coup¬ 
ling  terms  on  the  left  of  the  dotted  line  while  the  operator  and 
trainee  controllable  terms  are  on  the  right. 

The  differential  equation  cf  the  axial  force  (when  integrated  pro¬ 
duces  axial  velocity).  Equation  1  of  Figure  5,  has  the  righthand 
terms  lettered  A  through  F.  The  terms  are  used  to  determine 
typical  ship  effects,  both  individual  and  in  combination.  These 
are  related  in  Table  IL  The  terms  like  C  and  D  can  be  incorpor¬ 
ated  in  alternate  degraded  fashion,  as  noted  in  entries  2  or  7  of 
Table  IL  This  is  not  a  complete  table,  since  many  more  combina¬ 
tions  could  be  thought  of  as  typical.  The  table  does  indicate  there 
are  such  alternatives  as  the  solution  of  the  differential  equation  by 
normal  integration  or  by  degradation  to  algebraic  format  not  re¬ 
quiring  integration.  An  extra  variable  multiplication  allows  for 
differences  in  acceleration  and  decelerationj  propellor-  thrust  can 
be  controlled  by  either  trainee  (engine  order  control)  or  oper¬ 
ator  (variable  only).  Each  of  these  alternatives  has  hardware  im¬ 
plications;  integration  is  or  is  not  required.  An  extra  multiplica¬ 
tion  is  or  is  not  required.  The  trainee  does  or  does  not  have  an 
engine  order  control.  Each  of  the  seven  entries  in  Table  II  is 
quite  different,  and  for  each  one,  usually,  a  relatively  similar  en¬ 
try  would  be  required  in  the  other  five  equations.  With  the  latter 
in  mind,  a  better  mental  picture  would  be  obtained  of  the  total 
simulation  requirement  amd  alternatives.  One  other  matter  for 
consideration  is  the  comparison  of  the  first  entry  of  Table  II  and 
Equation  2  through  6  of  Figure  5.  There  are  over  20  terms  that 

have  either  u,  U,  uU,  u*\  or  U^,  which  would  not  require  vari¬ 
able  multiplication  if  operator  control  of  ship  speed  were  limited 
to  a  small  range. 

A  further  explanation  of  the  factors  of  the  terms  of  the  equations 
applicable  to  Table  II  and  Figure  5  are  as  follows.  The  m,  m^, 

m 2*  and  coefficients  are  variable  coefficients  that  are  func¬ 
tions  of  the  term  (Wo  +  ^actor  ft/2 p is  one  half 

of  the  water  density  times  the  square  of  the  ship  length.  The  hy¬ 
drodynamic  coefficients  are  the  subscripted  prime  letters. 

These  hydrodynamic  coefficients  are  either  single  or  multiple -val¬ 
ued  constants.  They  are  usually  discretely  changed  by  logic  equip¬ 
ment  and  depend  on  the  condition  existing  when  the  change  is  made. 
All  these  coefficients  are  dependent  on  depth.  For  example,  all  the 
fairwater  plane  coefficients  are  zero  when  the  ship  is  on  the  surface 
and  remain  zero  until  such  a  depth  is  reached  that  the  planes  are 
fully  submerged.  The  additional^d ve rail  requirement  of  faithful 
simulation  of  surfacing  and  diving  qualities  would  require  that  logic 
be  provided  to  change  the  coefficients  at  the  appropriate  depths.  If 
only  submerged  operation  is  required,  this  logic  is  not  required. 

The  number  of  systems,  number  of  modes,  and  the  contemplated 
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casualties  or  malfunctions  determine  the  characteristic  require¬ 
ments  of  the  ship  systems  portion  of  the  computer  complex.  This 
portion  contains  the  simulation  of  the  rates  and  modes  of  the  fol¬ 
lowing:  positioning  the  rudder  and  planes  in  response  to  student 
inputs,  engine  order  response,  main  ballast  (variable  and  special 
tank)  control  and  associated  indications,  and  control  actions.  Each 
mode  of  operation,  each  malfunction  or  casualty,  and  each  indica¬ 
tion  that  is  operable  in  each  system  at  the  trainee  and  operator 
stations  add  to  the  characteristic  requirements  of  this  portion  of 
the  computer  complex.  Each  one  of  these  functions  usually  adds  a 
relatively  large  amount  to  the  mathematical  model  and  logic. 

To  show  this  in  a  more  graphic  way,  a  stern  plane  system  simula¬ 
tion  will  be  discussed.  First,  for  a  simple  simulation.  Then  for 
a  more  complicated  simulation.  The  characteristics  of  the  simple 
system  are  (1)  control  column  will  position  the  stern  planes  at  a 
known  rate  and  (2)  plane  position  will  be  indicated  to  the  operator 
and  trainee  (trainee  will  have  both  normal  and  auxiliary  indica¬ 
tions). 

This  simple  system  simulation  is  shown  in  Figure  6.  The  addi¬ 
tional  characteristics  of  the  complicated  system  are 

1.  Simulated  hydraulic  power  (which  can  be 
failed)  is  required  in  both  normal  and  emer¬ 
gency  modes. 

2.  Trainee  will  be  able  to  select  and  operate  the 
stern  planes  in  normal  and  emergency  modes. 

3.  In  normal  and  emergency  modes  plane  posi¬ 
tioning  rates  are  different. 

4.  Operator  can  fail  the  system  in  each  mode  of 
operation  and  each  of  the  trainee's  indica¬ 
tions. 

5.  Trainer  may  turn  hydraulic  system  on  or  off. 

These  two  types  of  simulation  are  quite  different  and  each  addi¬ 
tional  requirement  adds  to  completeness,  complexity,  fidelity, 
etc.  of  the  computer  complex  (weight  factors)  as  indicated  in  Fig¬ 
ure  6. 

The  fact  that  the  trainee  and  operator  control  actions  and  indica¬ 
tions  that  are  related  to  the  requirements  of  the  computer  com¬ 
plex  provides  a  basis  for  analyzing  or  weighing  the  effect  of  simu¬ 
lating  a  function  of  the  complexity  and  cost  of  the  computer  com¬ 
plex,  and  by  implication,  a  basis  for  estimating  the  completeness, 
complexity,  cost,  and  fidelity ‘of  the  trainer. 

The  above  discussion  was  not  intended  to  be  an  accurate,  actual 
ship  system  simulation,  but  an  example  possessing  some  of  the 
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representative  operational  qualities  and  potential  failures  provided 
in  simulation.  The  inputs  and  outputs  from  the  hydrodynamic  por¬ 
tion  of  the  computer  complex  usually  do  not  change.  However,  if 
the  trainer  operator,  when  inserting  a  failure,  has  the  ability  to  po¬ 
sition  the  stern  planes  to  any  position  in  the  normal  range  of  plane 
movement  or  if  hydraulic  plant  operation  includes  representative 
accumulator  functions  and  malfunctions,  additional  type  require¬ 
ments  would  again  add  to  the  weight  factors. 

It  was  the  intent  of  this  computer  complex  discussion  to  emphasize 
that  there  is  independence  between  the  hydrodynamic  and  ship's 
system  portions  of  the  computer  complex  and  that  the  weight  fac¬ 
tors  are  directly  related  to  behavior  functions  to  be  exercised  and 
their  fidelity.  It  is  also  true  that  the  presentation  of  each  addi¬ 
tional  effect  can  add  considerably  to  the  mathematical  model  and 
1ogic  of  the  dynamic  ship  control  trainer.  The  additional  mathe- 
natical  model  and  logic  data  will  result  in  an  increase  in  the  total 
program,  which  can  be  directly  related  to  either  the  computer  and 
logic  hardware  for  the  analog  approach  or  the  computer  hardware 
and  software  for  the  digital  approach. 

3.  ALTERNATE  APPROACHES 

In  determining  the  characteristic  requirements  of  the  new  trainers 
and  determining  the  capabilities  of  the  existing  trainers,  the  con¬ 
cept  of  session  banding  was  conceived.  This  concept  will  require 
additional  study,  la  the  session-banded  training  concept  the 
trainer  would  be  programmed  and  set  up  for  a  specific  training 
session  to  simulate  a  limited  ship- operating  envelope,  for  exam¬ 
ple,  depth  band,  and  the  specific  ship  system  malfunctions  or 
casualties  appropriate  to  the  phase  of  training  and  scheduled  exer¬ 
cises,.  The  principal  application  or  importance  of  this  concept  is 
mainly  of  concern  in  analog  approaches. 

The  existing  devices  are  relatively  "fixed"  with  respect  to  hardware 
and  functions  simulated.  The  new  trainer  characteristics  of  Appen¬ 
dix  F  identify  more  hardware  and  simulation  functions  (including 
computer-complex  requirements)  than  any  previous  device.  This 
is  because  every  function  that  the  device  simulates  is  simultane¬ 
ously  available  during  each  training  session.  Yet  when  the  device 
is  scheduled  for  a  training  session,  its  scope  and  purpose  is  spe¬ 
cified,  and  in  almost  every  session,  certain  ship  systems,  system 
modes,  and  casualties  or  malfunctions  can  be  excluded. 

As  an  example,  the  missile  status  board  of  FBM  trainers  would 
not  be  used  for  a  large  number  of  training  sessions,  and  corre¬ 
sponding  portions  of  the  computer  and  logic,  which  would  normally 
be  idle  during  the  session,  might  be  employed  for  other  purposes, 
for  example,  where  the  simulation  is  not  as  well  simulated  as  it 
could  be  because  of  the  limitations  otherwise  of  the  computer  com¬ 
plex.  This  approach  would  enable  the  new  devices  to  employ  a  much 
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smaller  computer  complex  than  the  characteristic  of  Appendix  F 
indicates  for  the  simultaneous  availability  of  all  simulated  func¬ 
tions  as  usually  practiced  in  simulator  mechanization.  The  ex¬ 
isting  trainers  are  specially  wired  general-purpose  computers 
(some  patchable)  and  possess  the  *'all-at-once”  quality  described 
abc-ye.  As  pointed  out  in  the  general  discussion  of  the  computer 
complex,  each  characteristic  provided  by  existing  simulator 
trainers  adds  to  the  completeness,  complexity,  fidelity,  flexi¬ 
bility,  and  cost.  For  the  ultimate  training  it  is  not  necessarily 
desirable  to  increase  all  these  factors.  The  banded  rpproach 
would  definitely  preserve  or  might  even  increase  completeness, 
fidelity,  training  effectiveness,  and  flexibility  while  reducing  the 
complexity  and  cost. 

Some  of  the  disadvantages  of  the  banded  approach  would  be  the 
following.  There  might  be  an  additional  engineering  cost  of  the 
first  such  device.  Time  between  sessions  might  be  lengthened 
due  to  changing  of  the  band.  Fixed  limits  on  the  simulated  envir¬ 
onment  training  session  may  produce  improper  attitudes  and  an¬ 
ticipations  in  personnel.  If  the  library  of  training  sessions  were 
too  limited,  mctiviation  during  training  and  flexibility  in  perform¬ 
ance  afterward  on  the  job  to  fit  changing  conditions  might  staffer, 
but  not  if  the  training  program  were  well- planned.  Time  would  be 
required  to  produce  new  programs  for  new  developments  in  ship 
systems  design  or  casualty  -nsiderations  in  the  future. 

The  banding  approach  has  some  important  advantages: 

1.  Reduced  cost  of  the  devices 

2.  A  large  reduction  of  the  computer  complex 
compared  with  previous  methods  of  mechani¬ 
zation  if  analog-type  computers  are  used 

3.  Increased  flexibility  for  adding  simulation  of 
equipment  and  modes  of  operation 

4.  Capability  for  increased  fidelity  of  simulation 
using  the  same  size  computer  complex  as 
used  in  existing  devices 

5.  Standardization  of  training  and  provision  of  a 
fixed  base  for  evaluating  different  crews1 2  per¬ 
formance 

The  approach  is  particularly  applicable  to  patchable  types  of  com¬ 
puter  complexes  used  in  existing  simulator  trainers.  This  appro?.ch 
should  be  studied  further  to  determine  optimum  means  of  imple¬ 
mentation.  The  study  would  include 

1.  Definition  of  bands  to  be  used  and  program 
requirements 

2,  Development  of  a  method  for  changing  bands 
between  training  sessions 
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3.  Development  of  computer  requirements  for 
both  new  sad  existing  dynamic  ship  control 
trainers. 

In  the  latter  part  of  the  proposed  study,  consideration  would  be 
gives,  to  general  -purpose  versus  specially  wired  general-purpose 
computers  and  to  digital  and  hybrid  types  of  computers.  One  of 
the  main  objectives  would  ha  to  maximise  xlesibxlity. 

An  economical  approach  to  malfunction  insertion  is  to  use  common 
logic  and  hardware  for  inserting  malfunctions  and  system  shutdown. 

-  This  simplifies  the  logic  of  malfunction  insertion  in  a  training  de¬ 
vice  {sev  Figure  6  and.  the  requirements  of  the  complicated  stern 
plane  system  discussed  in  the  general  simulator  computer  complex 
discussion).  Compare  that  approach,  to  the  approach  shown  in  Fig- 
ure  7  and  note  the  simplification  by  the  elimination  of  relays  2,  3, 

5,  6>  7,  and  the  corresponding  indicator  lights  on  the  trainer  oper¬ 
ator  console.  Note  that  one  of  the  relays  was  moved  over  to  the 
rats  mcde  and  one  was  changed  tc-  operate  ca  either  plus  or  minus 
reference  voltage,  end  tile  variihlncontral  and  the  selector  were 
added  to  cover  an  additional  requirement  not  in  Figure  &.  This 
approach  reduces  cost  and  complexity.  With,  the  same  amount  of 
hardware  and. logic  that  would,  otherwise  be  used,  fidelity  is  in¬ 
creased  and  the  number  o£  tuhefibn?  fco  be  ?srauIatEd  can  be  ex¬ 
panded,  This  approach,  was  believed  to  have  enough  merit  to  be 
included  in  the  new  trainer  characteristics  described  in^pperidix 
Fi  The  approach  would  siao  apply  to  ths  analog  portion oieadsfing 
or  future  hybrid  computers. 

4,  NEW  TRAINERS  7  ;  .  : 

a.  General 

As  pointed  out  in  the  results  of  the  training  method  analysis  (Sec- 
t  tion  IV,  Subsection  Four)  there  are  different  levels  of  fidelity  for 
dynamic,  ehip-contrbl  traiu«5?a  needed-fair  the  various  levels  of 
casualty  control  trailing.  The  new  devices . considered  belGw  are 
ones  that  would' be  used  ipr  advsneed  team  casualty  control  train¬ 
ing.  .{See  Appendix  F  for  recommended  sidp  control  trainer  char¬ 
acteristics.  )  At  the  time  of  such  training  the  ship  control  team  is 
assumed. to  be  assigned  to  SSN  or  S3  BN  Submarine, 

Complete  and  adequate  advanced  casualty  control  training  of  ship 
control  teams  is  of  such  a  natureihat  the  team  cannot  be  trained 
by  shipboard- drills  is  the  critical. casualties  and  system  malfunc¬ 
tions  without  the- high  risk  of  losing  the  ship  and/or  a  hazard  to  the 

-  crew.  This  dictate s  that  the  advanced  ship  control  trainer  must 
provide  a  suitably  realistic  simulated  environment  that  includes 
these  extremely  hazardous  situations  (see  Subsection  Four,  Sec¬ 
tion  ty,  and  Section  V).  Subsection  Three  of  Section.  IV  identifies 
training  requirements  that  have  to  be  met.  Examples  include: 
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1.  Development  of  a  capability  to  rapidly  switch 
mental  sets  from  that  appropriate  for  normal, 

AMC,  or  even  one-man  control  to  that  which 
is  appropriate  for  emergency  action,  includ¬ 
ing  prompt  and  discriminating,  reaction  to  ab¬ 
normal  indications  or  abnormal  ship-motion 

2.  Development  of  a  perceptual  motor  capability*.’ 
to  shift  to  alternate  modes  of  operation  such 
as  rate  control  and  locating  (emergency)  the 
manual  control  of  the  planes  or  rudder 

3.  Development  of  the  ability  to  analyze  and 
maintain  trim  control  so  that  cues  of  mal¬ 
functions  from  indicators  and  the  ship-feel 
are  not  compounded  with  a  heavy  condition, 
down  angle,  up  angle,  or  list  due  to  an  im¬ 
proper  or  unknown  trim 

These  three  training  requirements  contribute  .fo  the  understanding 
of  trim  as  a  function  of  control  surface  deflection.  The  recom¬ 
mended  trainer  will  provide  crews  with  an  understanding  of  trim 
as  a  function  of  system  operation  and  interactions.  For  example, 
the  AMC  may  fail  in  such  a  way  as  to  indicate  an  out-of-trim  con¬ 
dition.  If  both  stem  and  fairwater  planes  are  in  rate  control,  the 
team  can  readily  detect  an  out  of  trim  condition  of  1000,  or  5000,  or 
20, 000,  or  80, 000  lb. 

The  advanced  ship- control  casualty- control  trainer  must,  provide 
the  capability  of  presenting  complex  casualty  situations  with  known 
inputs  (presentation  of  effects  and  ship/systems  operating  charac¬ 
teristics),  the  capability  for  personnel  to  exercise  their  judgment 
and  emergency  reactions,  and  provide  an  accurate  knowledge  of  the 
results  (feedback)  both  as  the  training  problem  progresses  and  at 
the  end  of  the  exercise  or  session.  The  trainer  must  be  capable  of 
presenting  casualty  training  problems  with  the  following  types  of 
conditions: 

1.  A  recoverable  size  hole  (shear)  in  a  pipe  aft 

2.  An  initial  watchstander  report  2  to  60  sec 
after  the  start  of  flooding 

3.  Ship  in  operation  at  deep  submergence  at 
8  to  15  knots 

4.  Depletion  of  air  banks  after  a  fixed  time 
period  of  continuous  emergency  MBT  blow 

5.  MBT  No.  IB  and  No.  2B  blow  valves  inop¬ 
erative  throughout  problem  ' 

The  problem  mentioned  would,  provide  the  instructor  an  opportunity 
to  train  and  evaluate  the  members^  of  the  Bhip  control  party  in  what 
they  should  do,  the  commar  is  and* responses  that  would  be  given'  *  - 
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(communications),  team  action  and  effectiveness,  and  ship  recov¬ 
erability  characteristics  as  related  to  control  team  judgment  and 
action.  These  considerations  typify  those  that  went  into  the  iden¬ 
tification  of  the  advanced  ship  control  trainer  simulator  character¬ 
istics. 

Although  different  ship  control  trainers  are  required  for  SSN's  and 
SSBN's,  economy  will  be  gained  by  making  the  trainer  for  each 
adaptable  to  several  (or  all)  classes  within  each  of  the  two  types  of 
ships.  This  will  require  built-in  flexibility.  Flexibility  in  the 
computer  complex  sufficient  to  permit  changes  representative  of 
differences  in  classes  of  ships  is  discussed  in  Item 2  of  Subsection 
One,  Section  V.  Current  analog,  digital,  and  hybrid  computers  do 
not  require  much  time  to  change  and  verify  programs.  There  will 
be  a  requirement  to  change  some  panels  of  the  trainer  so  that  con¬ 
trols  and  displays  are  arranged  in  the  same  way  as  in  the  class  of 
ships  to  which  the  trainers  are  assigned.  This  is  necessary  to 
avoid  negative  transfer  of  training  effects  for  emergency  proced¬ 
ures,  as  discussed  later  in  Subsection  Four,  Section  V.  Use  of 
the  CIP  versus  the  conolog  display  is  discussed  subsequently  in 
Subsection  Two  of  Section  V.  Physically  changing  the  panels  to 
reflect  the  proper  class  of  ship  for  trainees  will  not  be  impracti¬ 
cal  or  unduly  expensive  and  time  consuming.  The  principal  re¬ 
quirements  will  be  for  spare  -wires  and  alternate  panel  mounting 
provisions.  Provisions  for  changing  BCP  panels  to  reflect  differ¬ 
ences  between  SSN's  and  SSBN's  would  be  more  extensive  because 
of  different  console  configurations  but  practicable  on  a  semiperma¬ 
nent  basis.  Similar  considerations  hold  true  for  emergency  steer¬ 
ing  controls  and  pilot  transfer  hydraulic  control  valves  for  the  fire¬ 
water  planes. 

At  this  point  it  is  appropriate  to  discuss  the  "weight  factors"  men¬ 
tioned  previously,  A  first  glance  at  the  recommended  character¬ 
istics  in  Appendix  F  are  staggering,  but  this  is  due  only  to  tradi¬ 
tional  concepts  of  mechanization  of  the  computer  complex.  The 
traditional  approach  is  additive  in  regard  to  the  completeness,  com¬ 
plexity,  fidelity,  flexibility,  and  cost.  By  additive  is  meant  each 
of  the  weight  factors  would  fee  directly  increased  by  each  require¬ 
ment  contained  in  the  recommended  trainer  characteristics.  This 
was  pointed  out  in  the  computer  complex  discussion.  (See  Section 
V,  Subsection  One.  )  One  of  the  last  of  the  recommended  charac¬ 
teristics  is  the  malfunction  combination  discussed  in  Section  Y, 
Subsection  One,  Item  2,  and  the  preceding  typical  training  prob¬ 
lem  description. 

Session  banding  implementation  of  the  computer  complex,  if  exist¬ 
ing  trainers  are  modified,  would  provide  the  possibility  of  reducing 
complexity  and  cost  while  preserving  completeness,  fidelity,  and 
flexibility.  Related  items  not  previously  discussed  are  reliability 
and  eas£  of  maintenance.  These  factors  might  also  be  increased  by 
application,  of  the  session  banding  concept.  Other  items,  although 
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primarily  applicable  to  new  ship  control  trainers  (simulation  of 
collision  effects,  the  operator's  console,  and  scoring)  are  dis- 
cussed  below. 

b.  Collision  Consideration 


As  pointed  out  in  Submarine  Safetynote,  8  June  1965,  "...  col¬ 
lision  remains  the  greatest  single  threat  in  major  submarine  casu¬ 
alties  with  an  incident  rate  of  38  percent.  " 

Present  training  devices  provide  for  flooding  or  plane  jamming  as 
a  result  of  collision,  but  there  is  no  impact  due  to  collision.  The 
need  for  this  requirement  is  not  substantiated  by  either  the  train¬ 
ing  requirements  or  training  methods  analyses,  but  based  on  a 
cursory  examination  it  is  believed  that  inclusion  of  collision  effect 
(impact)  in  dynamic  ship  control  trainers  should  be  investigated. 

The  physical  principles  of  collision  and  analysis  of  the  mechaniza¬ 
tion  of  the  submarine  motion  equations  in  existing  devices  indicate 
that  the  ship  reactions  could  be  quite  easily  programmed  and  be 
independent  or  coincident  with  flooding  and/or  jamming  of  the 
planes.  Collision  concerns  morr-^ntam  and  is  assumed  to  be  elas¬ 
tic.  The  law  of  conservation  of  momentum  covers  the  collision  of 
one  moving  body  with  a  moving  or  stationary  body,  which  can  in¬ 
clude  collision  as  well  as  bottoming  reactions.  Figure  8  shows  a 
collision  of  two  moving  bodies  where  the  mass  and  vectors  of  the 
velocity  of  the  body  colliding  with  the  simulated  submarine  are 
known.  If  the  case  of  two  bodies  of  the  same  mass  is  assumed  and 
the  vectors  (forces)  and  moment  terms  are  as  shown  in  Figure  8, 
the  mechanization  would  be  relatively  simple.  These  forces  and 
moments  would  be  applied  for  a  short  interval  of  time  to  all  or 
part  of  the  six  equations  simultaneously  to  produce  the  heave,  slow 
down,  slide  slip,  pitch,  roll,  and  yaw  that  would  be  encountered  in 
a  collision.  The  relative  mass  and  velocities  would  be  set  by  the 
trainer  operator  and  at  the  time  of  collision,  with  or  without  the 
other  casualties,  he  would  insert  the  collision  effects  by  pressing 
a  momentary  button. 

Realistic  noise  of  a  collision  might  be  activated  at  the  same  time. 
Implementation  of  collision  effects  is  believed  to  be  desirable  and 
easily  implemented  for  casualty  control  training. 

c.  Instructor/Operator’s  Console 

Throughout  the  discussions  of  dynamic  ship  control  trainers,  the 
instructor  console  was  r-rferred  to  as  the  operator's  console.  The 
visits  to  the  training  facilities,  and  the  documentation  showed  that, 
on  the  existing  devices,  with  the  exception  of  Device  21B20 
Device  2lB20a),  the  console  was  on  the  platform  and  that  during, 
training  sessions,  the  crew,  additional  personnel  (observers  or 
alternates),  and  the  instructor  red*  the  platform.  With  the  oper¬ 
ator's  consols  in  such  close  proximity  to  the  trainee  positions,  the 
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Figure  8  -  Collision  Diagram 
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element  of  surprise  is  often  lost  when  the  operator  inserts  “system  * 
malfunctions  and  casualties.  For  these  reasons,  it  is  recom¬ 
mended  that  the  operator's  console  of  future  dynamic  trainers  be 
located  off  the  platform,  in  the  adjacent  critique/observer  area,  at 
approximately  the  same  level  (height)  as  the  trainee  station.  The 
instructor  could  ride  the  platform  and  the  operator  would  be  in 
control  of  the  problem.  This  would  simplify  the  facility  wiring  to 
the  trainer  platform  by  the  reduction  of  the  number  of  wires  re¬ 
quired  in  the  cable  that  must  be  flexible  due  to  the  platform  mo¬ 
tion.  It  would  also  improve  the  training  environment.  The  cost 
would  probably  be  too  prohibitive  for  removal  of  the  consoles  on 
platforms  of  existing  ship  control  trainers. 

d.  Scoring 

The  existing  facilities  have  a  multichannel,  analog- type  recorder 
for  scoring  and  are  usually  in  the  computer  complex.  The  scoring 
equipment  should  be  controlled  at  the  operator's  console  and  be 
accessible  to  the  instructor.  Seoring  features  should  also  include 
the  TV  recording-playback  feature  (discussed  in  Section  IV,  Sub¬ 
section  Four,  Item  4)  in  the  immediate  vicinity  of  the  console. 

This  i3  one  purpose  for  locating  the  observer/critique  facilities  in 
the  operator's  area  adjacent  to  the  operator's  console.  The  TV 
playback  display  would  be  operator /instructor  controlled  and  be 
located  on  the  trainer  platform  near  the  overhead  between  the  BCP 
and  diving  stand.  The  TV  system  would  have  to  be  designed  so 
that  no  RFI  transmission  would  occur  because  of  the  classified  na¬ 
ture  of  some  of  the  discussions. 


EXISTING  TRAINERS 

During  this  study  most  of  the  existing  trainer  facilities  were 
visited  and  limited  facility  documentation  and  evaluations  were 
examined.  The  existing  ship  control  trainer  facilities  have  all  had 
some  degree  of  modification  to  incorporate  a  flooding  capability, 
and  there  are  a  number  of  other  modifications  that  are  in  the  proc¬ 
ess  of  being  made.  The  existing  dynamic  ship  control  trainers  are 
of  three  distinct  types,  the  FBM  (diving  stand  and  BCP,  the  SSN 
(diving  stand  and  BCP),  and  general  ship  control  (diving  stand  only). 

One  part  of  the  study  was  to  determine  which  of  the  characteristics 
identified  in  Appendix  F  and  not  presently  incorporated  in  existing 
devices,  could  feasibly  be  incorporated.  The  investigation  deter¬ 
mined  that  the  general  diving  stand  type  devices  would  not  warrant 
any  additional  casualty  control  modification.  The  reason  for  this 
is  that  these  devices  presently  possess  sufficient  casualty  control 
features  to  be  consistent  with  the  training  value  that  can  be  gained 
in  view  of  their  greatly  simplified  mode  of  operation.  There  are 
two  different  types  of-generalized  dynamic  ship  control  device 
trainers:  Device  2iB20a  and  Devito  21B56,  The  "Training  Effec¬ 
tiveness  as  a  Function  of  Trainer  Complexity"  study  by  J.  Newton, 
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Electric  Boat  Division,  Groton,  Connecticut,  was  conducted  dur¬ 
ing  the  time -between  the  delivery  of  these  two  devices.  Device 
2lB20a  was  characterized  by  adding  a  ''joystick'*  attachment  to 
Device  21B20,  a  diesel  SS563  class  trainer.  The  computer  of  De¬ 
vice  21B20  and  Device  21B20a  was  a  common  element  to  both  de¬ 
vices  and  quite  large  in  relation  to  that  of  Device  21B56.  Device 
21B56  was  the  first  Navy  trainer  to  reflect  the  findings  of  the  study 
mentioned  above.  The  computer  size,  using  as  a  yardstick  the  ra¬ 
tio  of  the  number  of  amplifiers,  was  approximately  10  to  1  for 
21B20a  to  21B56. 

A  cost  comparison  of  these  two  variations  of  generalized  ship  con¬ 
trol  trainers  was  not  made  in  this  study,  since  no  cost  data  were 
available.  Moreover,  Device  21B20a  was  an  existing  device  modi¬ 
fied  by  the  addition  of  an  attachment,  and  the  computer  that  had  been 
previously  purchased  was  used. 

The  S-SN  general  ship  control  trainer  is  Device  21B56A.  The  pri¬ 
mary  difference  between  Devices  21B56Aand  21B56  is  the  addition 
of  the  BCP.  This  indicates  that  the  ship  system  portion  of  the 
computer  complex  grew  a  larger  amount  than  the  hydrodynamic 
portion.  The  weight  and  moment  computations  were  added  to  the 
hydrodynamic  portion,  while  all  the  methods  (plus  the  associated 
malfunctions)  of  controlling  the  water  in  the  tanks  and  determin¬ 
ation  of  the  tank  fill  and  empty  rates  were  added  to  the  ship  sys¬ 
tems  portion.  The  ratio  of  the  number  of  amplifiers  in  the  com¬ 
puters  of  Device  21B56Ato  21B56  is  approximately  2-1/2  to  1. 
While  this  device  is  not  much  different  than  Device  21B56,  its 
computer  size  and  patchable  nature  indicate  that  by  the  application 
of  the  two  alternate  approaches  to  the  program,  discussed  in  Sec¬ 
tion  V,  Subsection  One,  Item  2,  Device  21B56A,  capabilities  could 
be  greatly  increased  in  an  economical  way.  This  is  the  reason  for 
not  recommending  that  any  additional  characteristic  be  added  to 
Device  Z1B5&A  at  this  time. 

This  same  recommendation  applies  to  the  FBM  devices,  particu¬ 
larly  since  they  have  large  computers  and  the  same  patchable  fea¬ 
ture  as  Device  21B56A. 


The  ratios  of  the  number  of  amplifiers  in  the  computer  for  the 
FBM  devices  to  ship  control  trainer  Device  21B56  and  Device 
21B56A  are  approximately  6  to  1  and  2  plus  to  i,  respectively. 

The  FBM  devices  have  the  missile  status  board  and  missile  as¬ 
sociated  tanks  and  their  control.  They  also  have  more  terms  in 
the  motion  equations  of  the  hydrodynamic  portion  of  their  computer 
complex,  but  they  are  not  the  equivalent  of  the  new  device  charac¬ 
teristics  of  Appendix  F. 

The  above  evaluations,  the  training  methods  analysis,  and  the 
generalized  training  discussion  indicate  that  it  is  quite  feasible  to 
implement  the  alternate  approaches  in  the  mathematical  model  and 
logic  if  additional  quantities  of  existing  types  of  training  devices  are 
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procured  to  realize  considerable  savings  and  increased  effective¬ 
ness. 


\ 

% 
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1.  PERSONNEL  PRACTICES  AND  MANNING  CONSIDERATIONS 

Personnel  turnover  and  reassignment  occur  at  such  a  sufficiently 
high  rate  that  SSBN  crews  beginning  a  patrol  are  often  limited  to 
two  qualified  watch  sections.  3SN  crews  may  suffer  an  even 
greater  attrition  during  extended  overhaul.  Hence,  from  the  view¬ 
point  of  casualty  control,  personnel  are  under  a  condition  of  fatigue, 
and  their  capability  to  react  immediately  to  an  emergency  is  seri¬ 
ously  reduced.  To  qualify  as  watchstanders,  new  personnel  re¬ 
quire  an  average  of  up  to  one -half  of  the  patrol  period  for  learning 
peculiarities  of  ship  systems.  Although  this  is  in  conflict  with  cur¬ 
rent  practice  and  tradition,  it  is  an  area  where  a  need  for  training 
ashore  is  indicated.  It  is  entirely  feasible  to  reduce  shipboard 
training  time  by  using  training  aids,  films,  and  animated  sche¬ 
matics  to  develop  ship  control  principles,  system  operating  charac¬ 
teristics,  and  equipment  arrangement  in  shore-based  training  prior 
to  embarkation. 

In  general,  the  personnel  assigned  as  helmsman  or  sterns  plar.es- 
man  are  among  the  least  qualified.  The  problem  is  that,  while  the 
position  is  highly  critical  during  ship  casualties,  it  does  not  re¬ 
quire  as  complex  behavior  or  knowledge  as  is  required  at  other 
battle  stations.  In  experience,  planesman  range  from  one  patrol 
or  less  to  about  one  year,  and  their  time  on  trainers  currently 
ranges  from  one  day  to  one  week.  Based  on  observation  and  inter¬ 
view,  the  importance  of  plane  smen  skills  and  the  need  for  training 
are  probably  underrated  from  the  casualty  control  standpoint. 

More  training  than  now  given,  is  needed  to  ensure  that  planesmen 
can  detect  plane  and  control  casualties,  distinguish  between  com¬ 
plex  and  simple  indication  modes  of  failure,  and  perform  the  cor¬ 
rect  emergency  responses  in  the  small  amount  of  time  available  for 
recovery  initiation. 

The  current  practice  aboard  most  SSBN  ships  is  to  assign  CPO's 
as  DOOW's.  A  serious  problem  in  this  practice  is  that,  while 
CPO’s  have  many  years  experience  and  are  well  grounded  in  tech¬ 
nical  knowledge,  they  have  not  been  schooled  in  ship  control  prin¬ 
ciples.  Thus,  there  is  a  need  to  provide  them  classroom  training 
and  practice  on  the  diving  stand  as  well  as  team  training. 

The  BCP  is  the  control  and  monitoring  center  for  a  majority  of 
systems  vital  to  safe  ship  control  and  recovery  from  casualties. 
BCP  operation  involves  time  sharing  of  several  complex  procedures 
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and  monitoring  of  a  large  number  of  instruments.  For  proper 
emergency  operation,  the  BCPO  must  understand  the  operating 
characteristics  of  the  systems  controlled  and  must  be  able  to  re¬ 
late  system  problems  for  isolation  or  local  control  to  the  various 
watchstanders  within  the  ship.  In  addition,  the  BCPO,  functioning 
as  the  CO V/,  is  responsible  for  proper  communication  and  must  be 
ready  to  take  responsibility  for  the  diving  stand. 

No  formal  training  is  presently  provided  except  for  the  normal  ship 
qualification  program.  In  view  of  the  criticality  of  the  position  in 
combating  casualties  and  emergencies,  a  program  of  instruction 
is  considered  to  be  highly  desirable. 


TRAINER  UTILIZATION 

Ship  control  trainers  are  not  available  in  sufficient  number  and  lo¬ 
cation  for  the  adequate  training  of  off  duty  SSBN  crews.  There  are 
none  available  for  SSN  crews.  The  loading  on  SSBN  trainers  in 
Charleston  and  New  London  is  now  so  heavy  -  and  still  growing  - 
that  each  facility  needs  at  least  one  additional  FBM  trainer.  At 
present,  there  are  no  FBM  trainers  on  the  West  Coast.  An  FBM 
trainer  should  be  supplied  for  the  Mare  Island  facility  since  many 
SSBN's  will  be  overhauled  there. 

Attack  class  SSN  submarines  need  realistic  team  training.  The 
existing  facilities  at  Pearl  Harbor,  Charleston,  New  London,  and 
Mare  Island  cannot  effectively  perform  this  function.  The  SSN's 
at  San  Diego  have  no  shore  based  facility.  Norfolk  and  Key  West 
will  have  a  need  for  SSN  trainers  in  the  future. 

The  need  for  additional  training  is  illustrated  by  the  discrepancy 
noted  between  the  crew's  estimate  of  their  capability  and  observed 
performance  on  the  trainers.  Of  significance  are  typical  crew  re¬ 
action  times  noted  for  plane  casualties  on  SSBN  trainers.  The  sub¬ 
marine  safety  center  {SUBSAFECEN)  has  developed  criteria  for 
stern  plane  recovery  action  time.  Placesmen  should  note  and  uti¬ 
lize  these  criteria  for  self  evaluation  since  in  many  cases  their 
performance  was  not  as  it  should  be.  It  is  estimated  that  many 
diving  stand  teams  need  to  reduce  their  reaction  time  by  an. order 
of  magnitude. 

Present  ship  control  trainers  and  practices  do  not  provide  for 
training  of  OOD's  as  a  team  member.  This  is  not  a  satisfactory 
approach.  The  OOD  makes  the  crucial  decisions  and  is  responsi¬ 
ble  for  issuing  vital  orders  in  recovering  from  major  ship  control 
casualties.  In  general  emergencies,  he  must  factor  into  his  de¬ 
cisions  such  matters  a3  the  tactical  situation,  navigation  factors, 
speed,  depth,  and  patrol  objectives.  Not  only  should  the  OOD  re¬ 
ceive  training  but  he  should  receive  that  training  in  the  proper 
team  context.  The  context  should  include  interaction  with  the  DO 
and  division  of  responsibilities. 
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Based  on  observations  of  ship  control  trainers  in  operation  at  dif¬ 
ferent  centers,  there  is  a  need  to  provide  both  a  skilled  trainer 
operator  and  an  instructor  with  skill  and  qualifications  in  nuclear 
submarines.  The  dual  task  loading  can  be  performed  by  one  per¬ 
son  at  the  cost  of  sacrificing  the  quality  of  instruction. 

The  scope  of  problems  dealt  with  in  trainers  today  emphasizes 
flooding  and  control  surfaces.  This  is  as  it  should  be  since  these 
are  the  most  critical.  However,  the  most  frequent  problems  are 
fire  and  collision.  In  both  cases,  judgments  must  be  made;  many 
times  ship  control  action  is  an  essential  part  of  the  recovery  pro¬ 
cedure.  Provisions  for  training  in  the  preparation  for  emergency 
ventilation  should  be  indu-.  d  ir.  team  training.  This  is  applicable 
for  deep  submergence  operation. 


3.  SHIP  CONTROL  TRAINING  CONSIDERATION 

One  of  the  main  problems  in  the  current  operating  procedures  of 
personnel  controlling  the  planes  is  that  the  scanning  pattern  is  in¬ 
consistent  with  the  instrument  arrangement.  The  CIP  is  in  the 
central  field  of  vision  at  each  station.  Yet  the  instruments  on  this 
part  of  the  diving  stand  are  not  usually  monitored.  Instead  the 
backup  and  supplemental  indications  on  the  periphery  of  the  visual 
field,  presumed  to  have  been  provided  for  use  by  the  DO  and  OOD, 
are  used  as  the  principal  information  sources.  Many  ship  control 
personnel  do  not  understand  the  CIP  instruments.  Personnel  give 
several  reasons  for  not  using  the  CIP:  for  example,  the  CIP  indi¬ 
cators  are  small  and  hard  to  read;  are  not  sufficiently  sensitive  to 
provide  trend;  and  are  less  reliable  than  the  peripheral  instru¬ 
ments.  In  addition,  the  remark  was  made  that,  since  planesmen 
are  periodically  evaluated  to  determine  whether  they  are  cross¬ 
checking  the  peripheral  indicators,  their  best  practice  is  to  moni¬ 
tor  and  use  these  instruments.  The  criticism  about  reliability  is 
questionable  since  the  sensors  and  power  are  the  same  as  for 
many  of  the  peripheral  instruments. 

The  CIP  instruments  generally  provide  the  components  of  informa¬ 
tion  for  maintaining  depth  and  attitude.  Exceptions  are  indications 
of  plane  angles  and  speed.  Lack  of  integration  of  the  information 
components  is  a  justifiable  complaint.  However,  it  seems  that  if 
planesmen  were  to  learn  the  correct  use  of  the  CIP,  their  task 
would  become  more  simple  and  would  be  performed  better. 

The  relationship  between  the  DO  and  planesmen  is  a  subject  for 
concern  in  training.  One  potential  problem  is  that,  while  the  DO 
may  depend  on  the  plane sman  for  the  detection  of  ship  control 
problems  or  planes/rudder  failure,  not  all  planesmen  feel  it  is 
their  responsibility  to  so  inform  the  DO.  Another  problem  area 
is  inconsistency  in  the  type  of  depth  change  orders  that  are  given. 
Some  DO's  will  give  the  new  depth  only.  Others  will  specify  plane 
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angles.  Still  others  will  specify  the  bubble  (ship  angle)  and  depth 
change. 

Standardization  of  format  in  depth  change  orders  is  considered  im¬ 
portant  for  training.  Since  the  members  of  the  teams  vary  from 
watch  to  watch,  differences  in  procedure  will  result  in  negative 
transfer  of  training  gained  in  on-the-job  experience.  The  alterna¬ 
tives  are  either  to  train  helmsmen/planesmen  in  the  variety  of  pro¬ 
cedures  employed  or  to  have  a  standard  procedure  followed  by  all 
DO's.  Points  in  favor  of  explicit  and  detailed  orders  are: 

1.  One  of  the  difficulties  fr rid  by  a  helms¬ 
man  and  stern  plane  sman  is  to  learn  to 
coordinate  their  actions.  For  example, 
it  is  desirable  for  the  stern  planesmen  to 
allow  an  angle  on  the  ship  or  maintain  a 
given  trim,  angle,  depending  on  the  ship's 
philosophy,  when  the  fairwater  planesman 
is  attempting  to  change  depth, 

2.  Safe  operation  of  the  ship,  particularly  at 
high  speed,  requires  that  plane  angles  and 
motion  be  minimized.  The  DO  can  assist 
in  setting  realistic  tolerances  on  the  depth 
to  be  maintained  and  safe  limits  on  the 

.  . '  plane  utilized. 

In  the  near  future,  ship^  ^ilibe  equipped  with  the  Conolog  display. 
However*  many  existing  ships  will  continue  to  have  ths  CIP's  for  a 
considerable  time-  The  implications  for  generalized  training  are 
somewhat  obvious*  AH  trainees  must  learn  the  principles  of  oper¬ 
ation  of  both  displays  and  if  practicable  should  receive  practice 
using  both  the  Conolog  and  the  C3P  displays.  If  the  latter  is  not 
then  it  would:  seem  desirable  to  provide  practice  on 
■  \  the- GIF;  G£P  is  tisore  difficult  to  hse.  Trsnsfer  of  training 

research  indicatea  th^t  if  ^trainer  display  cannot  be  made  the 
same  as  the  operational  equipment,  it  is  deSiraclafor  students  to 
-fr?Sn6£er  from  the  more  difficult  display  intrainingtc  the  easier 
--  noe-ls  hp-erptionl  -  Solving  the  problem  or  difference  s  in  ddsplays 
by  using th ezaor  e  difsSouit  display  panel  is  not  an  optimum  solution, 

.  it-ins'y  bs  adopted  as  an  economy  measure  is  basic  sab* 

marine  Sr  if  ihifr  approach  is  adopted,:  personnel  as¬ 

signed  as  pianestrten  on  ships  with  Conoid-  should  receive  thorough 
basii:  irsinirig  ashore  in- the  principles  of  operation- of  the  displays 
and  its  racdss  of  failure.  -  -  - 

Ship  acceptance  eshnat  be  expected  unless  hardware  capability  is 
understood  and  means  for  dealing  with  improper  operation  are  well  _ 
.  in-hand.  i'  "  '  -  - 


The  general  emergency  casualties,  including  fire,  a^nespberic 
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contamination,  and  flooding,  have  been  analysed  and  discussed 
from  the  standpoint  of  casualty  control  training  in  the  previous 
sections  of  this  report.  Personnel  of  the  submarine  forces  afloat 
and  shore  based  facilities  have  indicated,  during  interviews,  a 
need  for  extending  the  general  emergency  casualty  control  train¬ 
ing  into  areas  of  general  emergency  damage  control  training.  This 
training,  to  be  provided  on  board  submarines  and  at  shore  based 
facilities,  should  be  implemented  as  scon  as  possible  on  the  basis 
of,  a  sound  damage  control  training  study.  Such  a  study  v/ould  sys¬ 
tematically  provide  specific  damage  control  training  requirements, 
which  would  in  turn  provide  a  firm  basis  for  determining  training- 
environment  requirements  and  alternate  training  approaches. 

An  area  requiring  special  consideration  is  flooding.  The  problem 
faced  by  personnel  has  been  given  serious  study  by  both  the  Sub¬ 
marine  School,  and  the  SUBSAFCEN  at  New  London.  There  are 
several  related  problems  associated  with  the  control  of  flooding 
casualties.  One  fundamental  area  of  concern  is  the  nature  of  pres¬ 
entation  of  recoverability  data.  These  data  show  the  effects  of  all- 
cr-none  recovery  actions  from  catastrophic  flooding.  If  does  not 
provide  a  sound  basis  for  discrimination  and  judgment  in  fitting  the 
degree  of  recovery  action  to  the  degree  of  flooding  and  the  ship's 
speed  and  depth. 

E  the  water  influx  is  greater  than  a  l/2-in. ,  1-in. ,  or  2-in.  hole, 
br  if  fee  influx  is  greater  than  the  drain  pump  can  handle  (depend¬ 
ing  ca:  the  criteria 'df  individual  ships),  it  is  noted  by  a  local  watek- 
stander.  The  word  flooding  is  passed  on  an  MC  system  and  the 
OOB‘s  will,  on  many  ships,  order  "emergency  blow,  "  "full  rise 
on  the  planes.  "  "ahead  two-thirds,  n  and  "sound  the  collision 
alarm.  "  Presumably  in  this  event,  the  ship's  depth,  risk  of  colli¬ 
sion  or  tactical  situation  might  be  ignored.  This  is  a  verbalized 
philosophy  that  follows  logically  from  recovery  data  and  published 
guidelines.  It  does  not  represent  a  consensus  of  command  and  ship 
philosophy  or  a  desirable  approach  from  the  investigators'  stand¬ 
point. 

There  are  a  wide  variety  of  flooding  classifications  and  definitions 
among  ships.  Some  ships  have  leakage,  flooding,  and  major  flood¬ 
ing  with  the  implication  that,  based  on  the  watchstander’s  initial 
report,  "emergency  blow"  will  be  immediately  ordered  only  in  the 
-case  of  major  flooding.  A  majority  of  ships  make  the  distinction 
strictly  on  a  leakage  -versus  -flooding  fc-sis.  Some  ships  distinguish 
between  criticality  of  flooding  on  the  basis  of  depth  and  some  have 
stated  a  philosophy  of  determining  the  criticality  by  waiting  up  to  a 
minute  for  amplifying  reports  by  watch  slanders  and  an  evaluation 
of  ship  movements.  The  definitions  cite  hull  opening  sizes  or  drain 
pump  capacity  as  guidelines  for  flooding  identification/ classifica¬ 
tion.  As  an  additional  guideline,  when  an  objective  determination 
cannot  be  made,  the  water  influx  will  be  classed  as  flooding. 
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The  sensible  features  of  flooding  are  not  well  known.  Few  officers 
and  personnel  have  experienced  flooding.  Most  have  to  depend  oh 
general  descriptions.  Generally,  personnel  are  instructed  to  err 
on  the  side  of  caution.  Yet  blowing  to  the  surface  has  its  dangers 
too  -  collision  and  departing  from  undetected  submerged  running. 
Research  to  determine  flooding  manifestations  is  one  area  of  need. 

Exposure  of  crews  to  the  effects  of  flooding  is  generally  considered 
to  be  one  of  the  most  important  facets  of  damage  control  training; 
this  includes  both  getting  wet  and  observing  hazardous  manifesta¬ 
tions  from  a  safe  vantage  point.  Since  correct  behavior  patterns 
under  this  type  of  stress  are  not  easily  developed,  an  analytical 
study  of  both  objectives  and  methods  is  necessary  to  develop  an  ap¬ 
propriate  means  of  training.  A  flooding  demonstrator  similar  to 
the  "buttercup"  damage  control  trainer  is  suggested  as  a  means  to 
provide  trainee  practice.  While  safe  and  under  limited  stress,  the 
trainee  could  receive  practice  in  isolation  techniques  or  damage 
control  repair  while  overcoming  his  initial  fear  of  getting  wet.  The 
complexity  of  such  a  training  device  may  vary  from  a  fundamental 
generalized  flooding  training  compartment  to  a  full-scale  duplica¬ 
tion  of  actual  ships  compartments.  Damage  control  training  could 
also  be  provided  in  auxiliary  and  main  sea  water  systems,  hydrau¬ 
lic,  drain,  ventilation,  communication,  electrical,  and  steam  sys¬ 
tems,  and  perhaps  fire  fighting.  In  any  event,  both  "get  wet"  type 
devices  (those  involving  actual  exposure  while  working  under  safe 
limits  of  water  pressure  and  also  involving  outside-in  demonstra¬ 
tions)  should  be  considered.  The  alternative  possibility  of  using 
films  should  not  be  overlooked  for  refresher  training  or  even  basic 
training  instead  of  a  live  outside-in  flooding  demonstrator,  because 
of  both  developmental  and  maintenance  expense.  An  evaluation  of 
the  use  of  a  film  as  an  alternative  should  be  part  of  the  recom¬ 
mended  damage  control  study. 


5.  OTHER  SHIP  PRACTICES 

Currently,  it  appears  possible  to  develop  a  limited  concept  of  ship 
operations;  e.  g. ,  depth  and  speed.  Thinking  and  planning  for  casu¬ 
alties  and  emergencies  in  terms  of  current  limits,  imposed  for 
safety  reasons,  may  lead  to  restricted  judgment  ability  when  the 
occasion  arises  for  an  immediate  reaction  to  an  emergency  while 
running  deep  at  high  speed.  There  is  danger  here  that  corrective 
actions,  judgments,  and  timing  may  become  relaxed,  and  readi¬ 
ness  to  respond  to  casualties  at  test  depths  and  realistic  tactical 
situations  may  be  limited. 

Ships  directing  their  own  training  have  a  natural  tendency  to  em¬ 
phasize,  in  drills  and  trainer  exercises,  casualties  of  the  same 
nature  as  experienced  by  senior  officers  and  personnel.  It  Is  im¬ 
portant  that  crews  receive  training  in  reacting  to  the  critical  and 
unusual  casualties  and  as  many  different  failures  and  failure  modes 
as  are  feasible,  not  just  the  common  ones. 
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Ballast  Control  Panel  Trainer,  Isolation  Training, 
Communications  Trainers,  Diving  Officer's  Training  Course 

1.  BALLAST  CONTROL  PANEL  TRAINER 

Effective  recovery  from  many  casualties  requires  a  skilled  BCPO. 
He  must  be  capable  of  reacting  to  normal  operational  commands 
including  lineups  for  normal  evolutions  and  emergency  procedures, 
as  well  as  diagnosis  of  many  possible  system  malfunctions.  He 
must  have  the  ability  to  quickly  isolate  causes  of  failures  in  all  sys¬ 
tems  monitored  and  controlled  at  the  BCP.  He  must  be  proficient 
in  operating  MBT  vent  and  blow  valves  (normal  and  emergency), 
control  of  hatch  opening,  and  operation  of  the  trim  and  drain  sys¬ 
tem,  particularly  during  a  flooding  casualty.  He  must  also  act  as 
a  chief  communicator  with  local  watchstanders  during  the  isolation 
phase  of  casualty  recovery.  His  knowledge  of  electrical,  hydrau¬ 
lic,  and  pneumatic  systems  as  t'*ey  relate  to  BCP  operations  must 
be  as  complete  as  possible. 

Both  SSN  and  SSBN  personnel  recognize  the  importance  of  a  well- 
trained  BCPO.  A  submariner  coming  aboard  a  nuclear  submarine 
spends  one  to  four  months  in  general  ships  qualification.  To  be¬ 
come  BCP  qualified  requires  an  additional  two  to  six  months.  A 
qualified  submariner  coming  aboard  an  SSBN  will  usually  be  ship 
qualified  in  one  patrol  cycle  and  BCP  qualified  in  one-  or  more 
patrol  cycles.  In  either  case,  considerable  training  time  is  ex¬ 
pended  on  the  BCPO. 


The  fact  that  there  is  a  need  for  this  training  is  indicated  in  the 
presentation  of  the  numerous  training  requirements  for  the  BCPO 
(see  Table  I,  Section  TV,  Subsection  Three).  Training  device  re¬ 
quirements  are  identified  in  the  training  methods.  Section  IV,  Sub¬ 
section  Four.  An  additional  demand  is  often  placed  on  the  BCPO's 
skills  and  knowledge  when  he  is  required  as  COW  to  act  as  backup 
for  che  DQOW. 


The  training  of  a  highly  skilled  and  kncwledgable  BCPO  requires 
considerable  training  time.  A  means  of  accelerating  his  training 
a»id  uValnating  hi  a  knowledge  in  a  shore  based  facility  is  important. 
The  implementation  of  a  BCP  emergency  procedures  trainer  would 
provide  the  required  trainer  capability. 


The  BCP  trainer  would  be  an  uncomplicated,  inexpensive  device 
designed  to  teach  basic  operating  procedures,  as  well  as  an  under¬ 
standing  of  associated  system  functions  to  a  semiskilled  individual. 
&  would  consist  uf  a  BCP’board  with  all  its  switches,  meters,  and 
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indicators.  The  effect  of  the  operator's  action  on  the  various  sys¬ 
tems  would  be  visually  displayed  in  animated  schematic  form. 

Malfunction  of  components  or  systems  would  be  included  as  a  means 
of  student  casualty  training  and  evaluation. 

Such  a  device  would  make  it  possible  for  auxiliary  men  and  IC 
electricians  (or  other  personnel  with  previous  system  knowledge  and 
experience)  to  learn  control  and  monitoring  of  systems  with  which 
they  have  not  previously  had  specific  detailed  experience.  A  ECP 
trainer  would  be  inexpensive  to  build,  maintain,  and  operate.  The 
cost  effectiveness  of  such  a  device  should  be  favorable  since  a  BCP 
trainer  would  provide  solid  basic  training  in  its  own  right  and  also 
free  the  more  expensive  high-fidelity  dynamic  ship  control  trainer 
for  advanced  training.  Significant  differences  in  BCP  control-dis¬ 
play  arrangements  between  the  SSN  class  and  SSBN  class  ships  war¬ 
rant  the  development  of  a  BCP  trainer  for  each  type  of  ship. 


2.  ISOLATION  TRAINING  (FOR  ALL  HANDS) 

The  newer,  more  complicated  submarine  requires  considerable 
qualification  time  before  a  man  is  knowledgeable  enough  to  perform 
effective  casualty  isolation  (electrical,  hydraulic,  a’ r,  steam,  oxy¬ 
gen,  and  water).  Early  in  a  given  patrol,  when  there  may  be  many 
new  men  aboard  ship,  there  exists  an  increased  danger  to  the  ship's 
safety.  Isolation  training  is  considered  highly  desirable  as  an  aid 
in  qualifying  new  men  and  providing  refresher  training  for  qualified 
men.  In  particular,  isolation  training  is  needed  to  develop  essen¬ 
tial  knowledges  and  skills  for  casualty  control. 

Apart  from  the  component  identification,  location,  and  function  for 
the  OOD,  DO,  BCPO,  and  maneuvering  room  watchstanders,  isola¬ 
tion  training  should  provide  an  overall  look  at  alternate  methods  and 
modes  of  system  operation.  Also  all  hands  should  obtain  sufficient 
system  knowledge  in  effects  to  avoid  actions  on  components  during 
maintenance  that  could  lead  to  casualties.  With  a  firm  grasp  of 
these  principles,  a  man  would  be  readily  trained  on  his  ship  to  per¬ 
form  more  rapid  casualty  identification,  avoid  errors  leading  to 
casualties,  thereby  limit  damage,  and  possibly  prevent  loss  of 
ship's  control  or  the  capability  to  cope  with  emergencies. 

For  purposes  of  this  study,  the  electrical,  hydraulic  and  air  sys¬ 
tems  are  considered  the  chief  areas  where  more  system  training 
aids  and  isolation  training  aids  are  needed  for  classroom  training. 

The  major  problems  in  developing  generalized  shore- training  ap¬ 
proaches  to  controlling  casualties  in  these  systems  lie  in  the  dif¬ 
ferences  between  ships.  Electric,  hydraulic,  and  air  systems 
differ  from  ship  to  ship,  class  to  class,  and  even  in  methods  of 
operation  on  ships  where  similarities  do  exist.  Because  of  these 
detailed  differences,  a  damage  control  study  is  needed  to  identify 
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common  modes  of  specific  failures  and  problem  solutions.  Such  a 
study  should  be  combined  with  a  more  inclusive  damage  control 
training  device  requirements  study*  including  as  a  consideration 
training  films  for  teaching  isolation  principles  and  techniques  ap¬ 
plicable  to  ship's  systems. 

A  form  of  isolation  training  aid  considered  but  rejected  during  the 
present  study  was  system  schematic  display  boards.  The  display 
panel  was  deemed  feasible  for  presenting  overall  system  layout  and 
function.  But  at  the  detailed  system  level,  where  isolation  is  nec¬ 
essary*  enough  complexity  could  not  be  presented  effectively. 


3.  COMMUNICATIONS  TRAINERS 

The  training  requirements  for  all  casualties  considered  within  the 
study  scope  have  indicated  a  consistent  need  for  more  and  better 
communication  training.  This  training  should  combine  effective 
classroom  training  in  procedures,  phraseology,  and  iiow  with 
practice  on  a  procedural  training  device.  This  device  is  recom¬ 
mended  for  training  both  enlisted  men  and  officers  at  submarine 
school  and  submarine  shore  bases.  The  communication  trainer 
would  be  a  facility  for  training  a  number  of  (ten  to  twenty)  men  to 
interact  simultaneously  in-  correct  phraseology  and  information 
transmittal.  Also  included  would  be  the  sound  effects  of  all 
alarms,  AN/WIC  communication  circuits,  and  sound  powered 
phone  circuits.  Included  in  the  training  would  be  the  priority  of 
MC  circuits,  alarm  recognition,  and  usage  of  sound  power  phones 
(headset  and  hand  set)  under  normal  conditions  and  with  realistic 
background  noise  interjected.  Communications  practice  with 
emergency  breathing  apparatus  in  place  is  considered  an  important 
training  aspect  of  this  device.  Fhysically  the  device  will  include 
trainee  cubicles  with  sound  dampening  to  prevent  one  trainee  from 
receiving  direct  voice  transmission  from  an  adjacent  cubicle. 


4.  DIVING  OFFICERS  TRAINING  COURSE 

As  submarines  increase  in  capability  and  complexity,  the  task  load 
of  the  DO  also  increases.  At  present,  many  ships  employ  senior 
PQ's  as  DOOW's.  Since  the  importance  of  the  EHDOW  in  casualty 
control  cannot  be  overemphasized,  it  is  extremely  important  that 
he  be  proficient  at  his  task. 

Enlisted  men  serving  as  DOOW's  have  had  considerable  experience 
and  technical  competence  in  the  ship's  systems.  They  are  usually 
qualified  BCFO's.  One  major  problem  confronting  them  is  the  lack 
of  understanding  of  the  principles  involved  in  submarine  operation 
that  commissioned  line  officers  receive  during  basic  subschool.  It 
is  difficult  for  most  personnel  to  find  sufficient  time  and  documen¬ 
tation,'  without  the  benefit  of  formal  training,  to  study,  understand, 
and  appreciate  the  principles,  problems,  and  solutions  of  trim 
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analysis  and  control,  compensation,  the  equilibrium  polygon,  and 
casualty  effects  and  control. 

The  officer  who  returns  to  a  ship  after  prolonged  shore  duty  and 
reports  to  a  markedly  different  type  of  ship  also  finds  himself  con¬ 
fronted  with  the  problem  of  self  reorientation  in  these  areas. 

Common  problems  for  the  DOOW  are  (1)  obtaining  a  real  appreci¬ 
ation  for  the  data  presented  in  the  recoverability  studies  as  applic¬ 
able  to  his  ship,  (2)  understanding  bands  (speed  and  depth)  of  the 
ship  operating  envelope,  (3)  understanding  general  factors  such  as 
tactical  situations,  and  (4)  possibly  compounding  casualties  due  to 
personnel  errors  and  malfunctions  in  systems  used  for  recovery. 
At  the  same  time,  a  DOOW  must  maintain  himself  free  of  entangle¬ 
ment  in  the  detailed  operation  of  controls.  To  reduce  the  time 
required  to  train  an  enlisted  man  as  DOOW,  to  increase  his  effec¬ 
tiveness  in  casualty  control,  and  to  provide  refresher  training  for 
officers,  it  is  recommended  that  a  short  training  course  for 
DOOW' s  be  developed.  This  course  would  consist  of  animated 
films  and  lectures  in  the  principles,  problems,  and  procedures  of 
ship  control,  trim  analysis  and  control,  compensation,  the  equi¬ 
librium  polygon,  casualty  effects  and  control,  and  the  application 
of  the  data  from  casualty- recoverability  studies. 
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Feasibility  of  Generalized  Casualty  Control  Training 


1.  INTRODUCTION 

The  feasibility  of  developing  a  generalized  casualty  control 
trainer(s)  has  been  examined  in  terms  of  the  tasks  to  be  taught 
and  levels  of  training  required.  The  results  of  examining  these 
two  factors  provided  a  starting  point  for  determining  the  fidelity 
of  simulation  necessary  to  ensure  that  training  objectives  are  ful¬ 
filled.  Feasibility  of  generalized  training  is  considered  to  be  paral¬ 
lel  and  positively  related  to  the  degree  to  which  low  fidelity  of  simu¬ 
lation  may  be  tolerated. 

In  determining  the  limits  of  the  required  training  device,  the  pres¬ 
ent  study  breaks  down  the  training  levels  into  three  broad  catego¬ 
ries:  (1)  basic,  (2)  intermediate,  and  (3)  advanced.  Although  a 
further  differentiation  has  been  noted  in  other  sections  of  this  re¬ 
port,  the  present  classification  is  used  in  this  part  of  the  discus¬ 
sion  and  treats  Levels  2  and  3  in  combination.  Basic  training  takes 
place  before  personnel  are  assigned  to  a  specific  class  of  ship,  and 
intermediate/advanced  team  training  occurs  after  ship  assignment. 
This  differentiation  was  crucial  in  determining  the  training  device 
fidelity  requirements  and  the  feasibility  of  generalized  casualty 
control  training. 

The  purpose  is  to  provide  as  high  a  degree  of  positive  transfer  as 
possible.  The  degree  of  fidelity  required  to  achieve  high  positive 
transfer  is  examined  in  the  subsequent  paragraphs  of  this  subsec¬ 
tion.  This  examination  is  performed  for  levels  of  training  and  the 
types  of  behavior  function  involved  in  the  casualty /task  sequences 
(Appendix  C).  Behavior  functions  and  variables  considered  include 
procedural  and  tracking  tasks,  knowledge  of  results,  discrimina¬ 
tion  and  vigilance  tasks  judgment  (decision  making),  and  motion 
cues. 


2.  DISCUSSION 

The  use  of  simulation  for  training  has  many  important  applications 
and  advantages.  Use  of  the  real  system  under  live  conditions  may 
be  too  costly,  dangerous,  or  impractical.  Such  would  be  the  case 
for  much  of  the  submarine  casualty  control  training.  Demonstra¬ 
tions  of  such  casualties  as  flooding,  fire,  and  ship  control  failure 
are  certainly  too  dangerous  and  impractical  for  exercise  in  an  op¬ 
erational  situation.  Furthermore,  by  using  simulation  techniques 
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it  is  possible  to  realize  more  precise  control  over  the  training 
process.  Known  inputs  can  readily  be  manipulated  to  provide  for 
a  particular  training  objective(s),  and  more  accurate  knowledge 
of  results  can  be  obtained. 

The  question  of  the  required  degree  of  fidelity  of  simulation  is  con¬ 
sidered  with  respect  to  three  aspects  of  simulation  and  training: 

(1)  the  equipment  and  functions  to  be  simulated,  (2)  how  accurately 
the  stimulus  situations  on  which  training  is  given  must  simulate 
real  life  and  (3)  the  type  of  training  to  be  accomplished;  e.  g. , 
levels  of  training  and  behavior  to  be  emphasized  (procedures, 
tracking,  discriminations,  and  judgments) . 

Training  equipment  requirements  for  the  early  stages  of  learning 
emphasize  knowledge  of  fundamentals,  individual  training  in  rudi¬ 
mentary  procedures,  and  tracking  skills  with  low  fidelity  control, 
displays,  arrangements,  and  functions  but  without  simulation  of 
environmental  features  (Smode,  Gruber,  and  Ely,  1963). 

As  the  levels  of  learning  become  more  sophisticated,  the  training 
equipment  must  become  more  complex.  There  is  emphasis  on  such 
features  as  active  trainee  participation;  closed-loop  specific  sys¬ 
tem  representation;  high  fidelity  requirements  in  displays,  con¬ 
trols  and  environments;  and  whole  task  representation  involving 
integrated  equipments. 

As  previously  mentioned  the  degree  of  fidelity  of  simulation  require 
meats  will,  to  a  large  extent,  depend  on  the  type  of  training  to  be 
performed. 

The  assumption  behind  the  use  of  simulators  is  that  transfer  from 
the  training  situation  to  the  operational  situation  increases  as  the 
two  situations  become  more  similar.  Therefore,  in  missions  that 
are  complicated  and  hazardous  and  that  require  highly  developed 
skills,  it  is  essential  that  the  transfer  from  the  training  environ¬ 
ment  to  the  operational  environment  be  perfect  or  nearly  so  (Angell, 
Shearer,  and  Berlaner,  1964).  The  risk  of  low  fidelity  in  advanced 
stages  of  complex  learning  of  habit  regression  under  stress  (emer¬ 
gency),  which  would  be  evidenced  by  the  reappearance  of  older  in¬ 
appropriate  responses,  was  pointed  out  by  Smode,  Gruber,  and  Ely 
(1963).  This  is  a  major  risk  in  using  low  fidelity  trainers  for  emer 
gency  training.  With  high  fidelity  of  simulation,  learning  rate  on  a 
trainer  does  not  significantly  differ  from  that  gained  in  equal  time 
on  an  aircraft  (Dougherty,  Houston,  and  Nickias,  1957).  Kause 
(1960)  states  that  where  operational  flight  tasks  require  perfect 
execution  on  the  first  trial  without  the  opportunity  for  inflight  train¬ 
ing  (e,  g. ,  emergency  procedures),  simulation  must  provide  for 
complete  transfer  of  training.  The  pre  ’ding  citations  justify  the 
requirement  of  avoiding  any  possible  deviation  in  behavior  during 
advanced  training  from  that  expected  aboard  ship  in  an  emergency. 
Since  the  present  study  is  concerned  with  casualty  emergency  (or 
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first-of-a  kind  situation)  the  need  for  high  fidelity  does  exist,  at 
least  in  advanced  training. 

In  discussing  the  specific  training  requirements  involved  in  the  area 
of  ship  casualty  control,  the  elements  of  behavior  fall  into  three 
broad  categories:  11)  motor,  (2)  discrimination,  and  (3)  judgment. 
Motor  responses  (actions)  can  further  be  divided  into  procedural 
(motor)  emergency  tasks,  which  will  vary  in  effectiveness  depend¬ 
ing  on  the  level  of  training.  In  basic  procedural  training,  a  gen¬ 
eralized  trainer  is  the  only  practical  solution.  Since  the  physical 
'  arrangement  of  displays  and  controls  differs  considerably  from  one 
class  of  submarines  to  the  next,  any  trainer  must  be  of  a  general¬ 
ized  nature.  It  is  not  known  at  the  time  of  basic  training  what  class 
of  ship  (submarine)  personnel  will  be  assigned.  Therefore,  gen¬ 
eralized  training  in  or  relevant  to  emergency  procedures  is  the  only 
feasible  solution  for  acquisition  of  basic  casualty  emergency  train¬ 
ing.  Since  a  generalized  trainer  will,  by  definition,  have  a  limited 
fidelity  relative  to  ships,  the  possibility  of  negative  transfer  of  train¬ 
ing  arises.  However,  it  should  be  pointed  out  that  considerable 
knowledge  and  ncnship  specific  skills  can  be  taught  in  a  generalized 
ship  control  trainer.  Some  negative  transfer  of  training  will  result. 
But  since  only  rudimentary  levels  of  procedural  skills  will  be  ac¬ 
quired  at  basic  subschool  in  the  limited  time  available,  a  serious 
problem  will  not  arise. 

Numerous  studies,  as  described  by  Adams,  Garrett,  and  Robertson 
(1961),  indicate  that  for  many  simple  (uncombined)  psychomotor  ac¬ 
tivities,  high  positive  transfer  occurs  with  limited  fidelity  of  simu¬ 
lation.  Since  the  objective  here  is  to  teach  basic  procedural  skills 
for  normal  operation,  as  opposed  to  the  complex  of  activities  to  be 
performed  under  stress  in  controlling  an  emergency  aboard  a  speci¬ 
fic  ship,  use  of  a  generalized  casualty  control  trainer  appears  feasi¬ 
ble  for  basic  procedures. 

In  contrast  to  the  basic  training  philosophy,  intermediate  and  ad¬ 
vanced  training  must  be  specific  to  the  type  of  equipment  and  the 
class  of  ship  to  which  personnel  are  assigned.  Personnel  will  re¬ 
ceive  both  the  intermediate  and  advanced  procedure  training  after 
being  assigned  to  a  specific  class  of  submarine.  During  these  phases 
of  training,  personnel  will  learn  specific  procedural  tasks  that  they 
may  be  required  to  perform  during  an  emergency.  In  an  emergency' 
situation,  it  is  imperative  that  certain  procedural  sequences  be  ac¬ 
complished  in  a  minimum  of  time  with  extreme  accuracy.  There¬ 
fore,  it  is  necessary  to  train  individuals  until  such  actions  become 
essentially  automatic.  The  high  fidelity  dynamic  ship  control  simu¬ 
lator  is  especially  appropriate  for  such  training  (Parker  and  Downs, 
1961).  As  a  result  of  this  stage  of  training,  personnel  should  devel¬ 
op  the  ability  to  respond  to  a  signal  without  having  to  think  out  what 
to  do.  Some  degree  of  automatization  is  vitally  necessary  in  order 
that  a  number  of  activities  may  be  performed  at  the  same  time.  As 
Miller  (I960)  has  noted:  "Unlike  instructed  response  or  familiari¬ 
zation  training  the  automation  of  performance  should  be  made  in  a 
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practice  situation  that  closely  simulates  ship  casualty  situations.  " 

As  further  evidence  on  the  need  for  high  fidelity  in  training  for  emer¬ 
gency  procedures,  Newton  (1959)  investigated  the  effectiveness  of  the 
training  of  procedural  tasks  (depth  and  course  changes)  •with  differ¬ 
ent  levels  of  simulation.  The  findings  indicated  that  on  a  proficiency 
test  averages  were  ranked  in  a  positive  relationship  with  simulator 
complexity.  Lack  of  fidelity  (such  as  motion)  consistently  resulted 
in  the  poorest  performance  on  the  proficiency  test.  This  finding  is 
relevant  in  view  of  Miller's  (I960)  observations  and  those  cited  by 
Smode,  Gruber,  and  Ely  (1963).  These  kinds  of  results  show  the 
importance  of  high  fidelity  of  simulation  in  intermediate/advanced 
casualty  procedural  training.  The  lives  of  fellow  crew  members 
and  the  safety  of  the  ship  may  well  depend  on  the  precise  automatic 
performance  of  such  procedural  tasks  in  view  of  the  very  short  re¬ 
action  times  crucial  for  ship  recovery  from  critical  casualties. 

It  is  in  the  area  of  advanced  training  where  the  importance  of  team 
training  is  realiz  »d.  The  importance  of  high  fidelity  training  for 
team  interaction  was  studied  by  Briggs  and  Naylor  (1964).  They 
found  that  for  tasks  requiring  interaction  between  radar  controllers 
(RC's),  high  fidelity  simulation  (training)  resulted  in  significantly 
better  performance.  In  a  second  experiment,  Naylor  and  Briggs 
(1965)  found  transfer  performance  was  highest  for  the  high-task 
complexity  and  low  organization.  In  light  of  the  previously  cited 
evidence  and  arguments  on  similarity  of  training  and  operational 
tasks  regarding  transfer,  it  seems  reasonable  to  conclude  that  high 
fidelity  of  simulation  is  required  to  achieve  high  team  performance 
on  complex  procedures.  Naylor  and  Briggs  also  stress  the  impor¬ 
tance  of  advanced  individual  skills  in  team  tasks. 

In  his  discussion  on  task  and  part  task  trainers.  Miller  (1960)  indi¬ 
cates  that  procedural  trainers  may  run  the  gamut  from  "familiari¬ 
zation  trainers  to  automatic  skill  trainers.  "  He  states  that  the  type 
of  training  to  be  accomplished  (basic  or  advanced)  might  well  deter¬ 
mine  the  type  to  be  used  and  the  amount  of  fidelity  required  by  each. 

As  mentioned  previously  (Section  IY,  Subsection  Four),  results  in¬ 
dicate  familiarization  trainers  (demonstrators  and  nomen clature/- 
location  trainers)  or  some  adaptation  will  be  useful  as  basic  casualty 
trainers,  whereas  for  advanced  emergency  training  a  high  fidelity 
dynamic  ship  control  trainer  will  be  required.  The  latter  is  espe¬ 
cially  true  for  emergency  training  wherein  time  to  think  out  the  ac¬ 
tion  is  virtually  nonexistent.  The  members  of  the  ship  control  party 
(and  sometimes  local  watchstanders)  in  some  general  emergencies 
must  immediately  act  correctly  and  automatically. 

Training  for  tracking  tasks,  like  that  for  procedural  tasks,  must  be 
considered  with  respect  to  basic  and  intermediate/advanced  train¬ 
ing. 


i 


( 


f 


C 


NAVTRAOEVCFW  1*13.1 


SECTION  V  -  DISCUSSION 


Subsection  Four 


The  reasons  for  utilizing  a  generalized  trainer  for  basic  tracking 
training  are  the  same  as  those  for  basic  procedural  training,  al¬ 
though  in  this  discussion  the  consideration  of  knowledge  of  results 
(feedback)  is  especially  important  and  will  be  covered  at  this  time. 

The  basic  trainer  used  for  early  tracking  training  must  exhibit  the 
dynamic  characteristics  of  the  tracking  equipment.  Even  though 
high  fidelity  of  display,  control  feel,  or  control/display  relations 
may  not  oe  required  for  basic  training,  dynamic  simulation  is  re¬ 
quired  to  provide  the  trainee  with  performance  feedback  (knowledge 
of  results). 


Knowledge  of  results  (KR)  provides  trainees  with  information  on 
how  well  they  are  doing  and  whether  their  responses  are  correct. 
Laboratory  studies  consistently  report  either  that  KR  is  essential 
for  learning  to  take  place  or  at  least  that  KR  produces  more  learn¬ 
ing  or  more  rapid  learning  than  performance  without  feedback  (Biel, 
1962).  According  to  Adams,  Garrett,  and  Robertson  (1961):  "Re¬ 
sults  show  that  whenever  crew  judgment  and  action  are  based  on 
precise  values,  great  care  should  be  exercised  in  accurately  simi— 

1  citing  relevant  variable.  "  A  number  of  normal  and  emergency  pro¬ 
cedures  are  covered  by  this  conclusion  because  all  members  of ‘the 
ship  control  party  must  respond  to  small  instrument  deviations.  A 
large  number  of  laboratory  studies  summarized  by  Adams,  Garrett, 
and  Robertson  (1961)  show  that,  in  training  for  normal  tracking 
tasks,  fidelity  is  not  important  in  target  characteristics,  proprio¬ 
ceptive  feedback,  or  control  display  relationships. 

Regarding  the  specificity  of  feedback  required  for  learning,  Naylor, 
a^d  Buckhout  (1963)  performed  an  experiment  to  determine 
the  effects  of  various  conditions  of  auditory  performance  feedback 
on  a  continuous  tracking  and  procedural  task.  They  found  that 
transfer  performance  is  significantly  related  to  feedback  specificity 
during  training. 


In  addition,  Cotterman  (1960)  investigated  the  effects  of  variation 
on  the  specificity  of  KR  to  the  improvement  of  a  perceptual  skill. 
He  concluded  that  KR  increases  the  rate  and  level  of  learning  to 
perform  an  absolute  judgment  of  spatial  extent  and  that  this  effect 
is  generally  greater  with  greater  specificity  (or  faithfulness)  of 
the  knowledge  of  results. 


Numerous  uncited  studies  on  the  effects  of  KR  on  training  also  sup¬ 
port  the  contention  that  a  dynamic  simulator  is  required  for  train¬ 
ing  in  tracking  (depth  changing,  etc.). 

The  research  cited  above  indicated  that  the  more  specific  the  feed¬ 
back,  the  more  effective  the  training.  The  implication  for  inter  - 

n  mediate  and  advanced  training  is  that  the  ship  control  parties  should 

„ ;  be  trained  on  simulators  specific  to  the  class  of  ship  (submarine)  to 

which  they  are  assigned.  Since  precise  action  is  required,  as  in  an 
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emergency  situation,  a  high  fidelity  simulator  is  required  for  ad¬ 
vanced  automatized  skill  training.  The  fidelity  or  such  factors  as 
control-display  and  feel  relationships,  control  resistance,  control 
action,  control  limits,  KR,  and  control  interaction  must  be  high  to 
assure  high  transfer  of  training  to  operational  emergency  situations. 

Discrimination  tasks  must  be  considered  when  determining  the  fi¬ 
delity  requirements  for  training  in  ship  casualty  control.  Discrimi¬ 
nation  tasks  are  those  of  scanning  and  vigilance  from  the  ship  con¬ 
trol  standpoint.  Scanning  is  involved  in  the  checking  for  and  detec¬ 
tion  of  abnormal  indications  and  conditions.  Training  in  this  ac¬ 
tivity  is  required  to  develop  the  most  effective  scan  pattern  for  the 
detection  of  emergency  conditions  particularly  since  {as  described 
in  Section  IV,  Subsection  One)  diving  panel  layout  and  personnel 
practice  may  be  incompatible.  Discrimination  tasks  also  deal  with 
response  to  alarms,  both  visual  and  auditory.  It  is  also  concerned 
with  control-display  feel  ratei-,  effective  communication,  and  the 
performance  of  followup  checks. 

In  the  case  of  basic  discrimination  training,  much  of  the  previously 
discussed  information  applies.  The  case  for  the  feasibility  of  basic 
generalized  casualty  control  training  still  applies,  but  because  of 
the  critical  actions  in  scanning  the  ship  control  indicator e  and  ex¬ 
acting  casualty  detection  and  identifinstion  time  requirements,  a 
high-fidelity  trainer  is  required  for  advanced  training. 

For  the  basic  training  situation,  development  of  an  effective  scan 
pattern  might  be  aided  by  a  static  display  system  as  long  as  the 
physical  representation  is  of  reaaonssle  fidelity.  Where  control- 
displa//feel  rates  are  involved  In  emergency  situations  (overlap 
with  tracking),  dynamic  simulation  is  essential  to  provide  the 
trainee  with  performance  feedbacks. 

In  their  study  on  visual  timi-sharing  Gabriel,  Borrows,  and  Abbott 
(1965}  reference  the  research  efforts  of  others  who  found  that  less 
than  fujl  simulation  is  valuable  in  many  visual  training  situations. 
However,  for  reasons  given  previously,  a  high-fidelity  dynamic 
simulator  trainer  is  needed  for  the  intermediate  and  advanced  train¬ 
ing  situations.  Time  is  an  Extremely  critical  factor,  and  maximum 
transfer  of  training  is  imperative.  The  wide  variation  in  physical 
arrangement  of  many  controls  nr.o  displays  from  ship  to  ship  makes 
3  faithful  representation  of  a  specific  class  of  ship  for  the  trainee 
a  must.  —  —  - 


Since  KR  vigilance  (monitoring  and  scanning}  training  is  important 
to  positive  transfer  (Adams  and  Humes,  196*}  a  high-fidelity  simu¬ 
lator  is  required  for  advanced  casualty  control  training.  This  Is 
particularly  true  in  light  of  the  ship  to  ship  differences  and  the  criti¬ 
cality  of  time  in  emergency  situations.  Transfer  from  ba^ie  search 
training  (because  o£  ship  differences)  as  against  individual  indicator 
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interpretation  will  be  minimal-'  Hence,  advanced  training  should 
provide  a  High  level  of  task  similarity  to  that  of  casualty  indications 
aboard  the  assigned  ship.  Knowledge  of  the  ship  response  provides 
personnel  with  important  cues  to  impending  abnormal  conditions  as 
well  as  the  effectiveness  of  a  maneuver.  Without  this  knowledge, 
personnel  would  be  forced  to  t_ke  emergency  actions  without  aware¬ 
ness  of  the  effectiveness  of  such  actions.  This  point  argues  for 
high  fidelity  dynamic  simulation  in  advanced  training. 

The  third  and  final  area  to  be  considered  in  casualty  control  train¬ 
ing  is  judgment.  It  can  best  be  discussed  by  considering  the  fac¬ 
tors  involved  in  the  decision-making  process.  A  casualty  control 
decision  is  based  on  such  items  as  long  term  memory  (ship  and  CO 
instructions,  tactical  situation,  navigational  factors,  and  crew  fac¬ 
tors),  short  term  memory  (ship  status,  and  ship  system  status, 
e.  g. ,  propulsion,  power  and  hydraulics),  communication,  control 
limits,  control  interaction,  and  control-display/feel  rates. 

Since  decision-making  (judgment)  calls  for  team  interaction  (com¬ 
munication  and  psychomotor  responses)  and  must  be  based  on  the 
vagaries  of  a  particular  ship,  no  basic  training  over  and  above  the 
present  basic  submarine  school  for  officers  is  considered  to  be 
necessary.  Training  methods  under  consideration  will  thus  be 
limited  to  advanced  high  fidelity  dynamic  ship  control  training. 

Teichner  and  Myers  (1961)  as  a  result  of  several  studies  dealing 
with  various  aspects  of  human  decision  making,  list  the  following 
recommendations  about  decision-making  training: 

1 .  Emphasis  should  be  placed  on  studies  of  methods 
for  increasing  the  short  term  memory  capacity  for 
rapid  information  processing  in  the  training  of  naval 
personnel  making  either  status  or  action  decisions. 

2.  Training  criteria  should  he  developed  that  are  cog¬ 
nizant  of  the  fact  that  the  decision  maker  can  proc¬ 
ess  and  apply  tc  the  making  of  decisions  more  in¬ 
formation  than  he  can  consciously  report  at  the 
fixae. 

3.  Indoctrination  of  naval  personnel  should  be  geared 
to  full  awareness  of  the  value  that  the  Navy  places 
upon  the  possible  results  of  their  decisions.  In¬ 
telligent  decisions  cannot  be  made  ur  *ess  the  de¬ 
cision  maker  knows  what  gains  and  losses  are  as¬ 
sociated  with  his  alternatives. 

4.  It  should  be  emphasized  in  training  decision-making 
personnel  that  their  estimates  of  the  relative  fre¬ 
quency  aid  average  payoffs  associated  with  various 
events  air.  reliable  and,  hence,  should  be  utilized. 

5.  In  situations  involving  continued  monitoring  of  a  dis¬ 
play,  the  operator  may  he  required  to  make  the  same 
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choice  numerous  times.  High  motivation  and  full 
awareness  by  the  operator  of  the  importance  of  his 
position  and  the  decisions  that  he  makes  should  de¬ 
ter  him  from  deviating  from  optimal  strategies. 

This  is  crucial  to  casualty  prevention  and  early  de¬ 
tection. 

6.  Training  procedures  should  consider  and  attempt  to 
eliminate  or  minimize  certain  response  tendencies 
of  decision  makers.  Gains  and  losses  associated 
with  choices  open  to  the  decision  maker  tend  to  have 
influences.  Thus,  the  individual  may  avoid  an  alter¬ 
native  because  it  could  result  in  some  loss,  even 
though  the  probability  of  the  loss  is  slight.  There 

is  a  less  marked  tendency,  but  a  very  definite  one, 
to  choose  strategies  that  could  result  in  larger  pay¬ 
offs,  but  in  actuality  rarely  do. 

7.  Another  response  tendency  that  should  be  guarded 
against  during  training  is  that  of  paying  undue  atten¬ 
tion  to  the  results  of  immediately  preceding  deci¬ 
sions  in  situations  where  these  events  are  essen¬ 
tially  independent.  The  individual's  assessment  of 
the  relative  frequencies  of  events  displayed  is 
probably  unchanged  by  his  experience  in  making  de¬ 
cisions,  but  his  estimate  of  what  will  happen  the 
very  next  time  is.  This  suggests  that  naval  per¬ 
sonnel  should  be  trained  and  indoctrinated  to  act  in 
terms  of  the  long  term  probabilities  c-f  displayed 
events  rather  than  their  own  momentary  "hunches” 
about  what  will  happen  next.  These  recommenda¬ 
tions  are  applicable  to  the  present  training  situa¬ 
tion.  A  method  for  increasing  short  term  memory 
capacity  would  be  of  great  value  in  the  decision- 
making  process,  since  the  decision  will  be  influ¬ 
enced  by  such  factors  as  ship  status  (depth,  speed, 
and  angle),  ship  system,  status,  crev/  status,  tacti¬ 
cal  situation,  navigational  factors,  patrol  objec¬ 
tives,  and  many  others.  At  least  some  of  thes? 
items  are  continually  changing  and  therefore  are 
short-term. memory  items.  The  ability  and  desire 
to  remain  undetected  ansifhe  risk  v£  collision  by 
coaa pounded  casualties,  which  might  happen  in 
broaching  2s?  excessive  angles  or  roll,  is  a  pri¬ 
mary  concern,  in  any  decision -making  situation. 
Indoctrination  must  ensure  that  personnel  are  al¬ 
ways  aware  of  suoh  possibilities,  and  consequences 
gs  are  involved  in  deciding  upon  alternative  actions. 
It  is  also  avidest  that  previous  experience  e a  ships 
is  a  valuable  aid  to  daefsles  ntexmg  in  times  of 
crisis.  Personnel  ssudfc  maintain  awareness  of  past 
experience  and  their  application  tpihs  present  situ¬ 
ation.  They  roust  recftll  and  be  able  to  profit  from 
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such  factors  as  previous  experience,  including  team 
action  and  cooperation  under  similar  stressful  situ¬ 
ations.  Personnel  must  also  be  trained  to  rely  on 
proven  strategies  or  routines  and  avoid  playing 
hunches  or  taking  unnecessary  risks. 

The  preceding  objectives  can  be  achieved  in  Basic  Sub  School  and 
updated  in  wardroom  discussions,  given  proper  aids.  However, 
achieving  a  complete  decision-making  capability  requires  a  high- 
fidelity  ship  control  team  trainer  in  addition  to  exercise  in  all  crew 
positions  on  a  basic  generalized  ship  control  trainer  and  exercise 
during  the  basic  ship  tour.  Miller  {i960)  discusses  the  propensities 
required  va  a  problem-solving  or  decision-making  trainer.  He 
states  that  “decision-making  characteristically  requires  the  recall 
of  stored  data  (which  often  is  presented  in  the  form  of  a  number  of 
variables}  and  the  selection  of  a  mode  cf  response  according  to  some 
anticipation  cf  the  likely  consequences  of  the  response.  "  He  also 
states  that  symbolic  inputs  and  outputs  are  sufficient  for  such  train¬ 
ing  unless  the  decision  is  time  stressed;  and  that  operational  feed¬ 
back  ia  not  required  unless  a  series  of  decisions  is  based  on  control 
settings.  Miller  recommends  a  simple  (low -fidelity)  decision¬ 
making  trainer  for  ncr.siressfui  situations.  However,  the  decision¬ 
making  task  of  the  DO  and.  GOD  in  major  casualties  is  not  limited 
to  the  scope  of  fee  quoted  decision-making  process: 

1.  The  officer  not  only  has  many  indications  on 
the  BCP  and  diving  stand,  put  they  are  distant 
and  hard  to  read. 

2.  He  is  subject  to  numerous  alarms. 

3.  Frequently  the  situational  variables,  such  as 
the  tactical  situation,  are  not  accurately  known. 

4.  The  officer’s  input  channels  of  information  in¬ 
clude  subjective  voiee  reports  and  status  indi¬ 
cations  from  other  compartments. 

5.  His  alternate  modes  of  action  need  to  be  pro¬ 
grammed  on  the  basis  of  numerous  situational 
variables  including  depth  bands,  initial  speed, 
etc. 

6.  He  must  attend  to  feedback  indications,  gage 
his  initial  orders,  and  take  followup  action  so 
as  to  reach  a  safe  operating  envelope. 

7.  He  must  exercise  judgment  and  be  sensitive 
to  ship  accelerations  {feel  of  ship  motion  and 
attitude) . 

In  conclusion,  the  requirements  for  training  in  decision-making 
must  progress  through  early'  stages  of  pars-  task  training  in  the 
classroom  and  generalized  dynamic  trainers  and  then  to  simplified 
whole  training,  culminating  in  shipboard  drills  and  practice  aboard 
a  high-fidelity  team  simulator  trainer. 
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Motion  simulation,  the  last  item  for  discussion  on  the  topic  of  gen¬ 
eralized  casualty  control  training,  serves  as  a  cue  for  normal- 
abnormal  operation  as  feedback  and  as  a  noise  and  hazard  factor. 

Reference  is  made  to  Buckhout,  et.  al. ,  (1963)  as  evidence  of  the 
contribution  of  fidelity  of  motion  simulation  to  positive  transfer  of 
training.  These  authors  state  that  "this  motion  provides  an  addi¬ 
tional  information  input  to  the  pilot  and,  therefore,  quite  likely  fa¬ 
cilitates  performance.  "  They  also  indicate  that,  where  reasonably 
precise  maneuvering  is  required,  such  as  in  fire  control  or  terrain 
contour  flying,  performance  with  simulated  motion  conditions  more 
closely  resembles  flight  performance  than  does  static  simulator 
performance. 

Finally,  the  positive  relationship  ef  command  and  control  to  fidelity 
of  motion  is  a  requirement  not  only  as  a  decision-making  cue  but  as 
feedback  for  the  control  actions.  In  submarine  simulation  Newton 
(1959)  has  demonstrated  effectiveness  of  motion  in  a  series  of  sub¬ 
marine  maneuvers  including  both  course  and  depth  changes. 

As  a  concluding  comment  to  this  discussion  the  Navy  (Aviation  Daily, 
1963)  has  reported  what  has  been  called  a  !'nev?  twist*'  ior  flight 
simulators  -  "kinetic  cueing. "  It  consists  of  adding  an  action  pic¬ 
ture  of  flight  operation  to  the  motion  of  the  simulator.  A  signifi¬ 
cant  increase  in  the  number  of  successful  approaches  and  touch¬ 
downs  has  occurred  since  the  addition  of  this  extra  (kinetic)  cue. 
Superior  performance  was  also  shown  by  the  kinctically  trained 
crew  in  simulated  emergencies.  Bata  such  ua  this  show  the  need 
for  high  fidelity  of  motion  cues  or  the  learning  cf  motor  responses. 
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SECTION  VI 
CONCLUSIONS 


Throughout  Section  V,  generalized  basic  casualty  control  training  has 
been  evaluated  in  terms  of  fidelity  of  simulation  required,  with  an  em¬ 
phasis  on  ship  control  as  defined  in  earlier  sections  of  the  report.  The 
philosophy  has  been  that  a  generalized  ship  control  trainer  plus  class¬ 
room  aids,  a  flooding  demonstrator,  communication  procedures  train¬ 
ing,  and  BCP  emergency  procedures  trainers  offer  a  practical  solution 
1  to  basic  casualty  control  training.  This  approach  is  based  on  the  prem¬ 
ise  that  more  specific  training  is  impractical  and  unnecessary  until  the 
personnel  are  assigned  to  a  particular  class  of  submarines,  at  which 
time  they  will  receive  intermediate  and  advanced  training  to  peak  out 
individual  and  team  skills  on  a  high-fidelity  dynamic  ship  control  trainer. 
Some  of  the  earlier  devices  mentioned  should  also  he  used  in  intermedi¬ 
ate  transition  and  advanced  team  levels  of  training. 

The  specific  features  required  in  the  generalized  trainer(s )  may  depend 
on  the  particular  skill  to  be  learned.  For  example,  classroom  aids 
(previously  mentioned)  or  other  presented  material  caa  be  utilized  for 
generalized  training  of  the  fundamental  principles  or  rudimentary  pro¬ 
cedures  of  emergency  casualty  control.  Such  aids,  mockups,  or  actual 
equipment  can  also  be  of  value  in  the  training  of  component  characteris¬ 
tics  and  system  effects  and  basic  communication  procedures, 

Xn  addition,  the  skills  developed  in  procedural  trainers,  isolation/dam- 
ggo  control  trainers,  and  flooding  demonstration  trainers  arc  likely  to 
be  generalizable  to  the  operational  situation. 

Skills  and  information  derived  from  such  trailers  can  be  expected  to  be 
gs'seralis-abie  and  exhibit  positive  transfer  {in  varying  degrees)  to  casu¬ 
alty  Control  situations  aboard  specific  classes  of  ships. 
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DOCUMENTS,  BASIC  CASUALTY  RESEARCH  DATA 

Bertin,  M.  A. :  Study  Outline  for  Submarine  Casualty  Control 
Training.  Port  Washington,  N.  Y. ,  U.  S.  Naval  Training  Device 
Center,  2  March  1965.  Prepared  for  Goodyear  Aerospace  Corpo¬ 
ration  as  guideline  for  Contract  N61339-1813,  Project  7878-2. 
UNCLASSIFIED. 

Commanders,  Submarine  Force,  U.  S.  Atlantic  and  Pacific  Fleets: 
Enlisted  Requirements  for  Submarine  Qualification  (Diesel  Elec¬ 
tric)  .  Rev.,  Washington,  D.  C. ,  October  "l962l  UNCLASSIFIED. 

Commanders,  Submarine  Force,  U,  S*  Atlantic  and  Pacific  Fleets: 
Enlisted  Requirements  for  Submarine  Qualification  (Nuclear).  Rev. , 
Washington,  D*  C. ,  October  1962.  UNCLASSIFIED. 

Commander,  Submarine  Force,  U,  S.  Pacific  Fleet:  Guidelines 
for  Deep  Submergence  Operations  (U).  COMSUBPaC  instruction 
03120.15.  IS  October  1963.  CONFIDENTIAL. 

Commander,  Submarine  Force,  U.  S.  Atlantic  Fleet:  Officer  Re¬ 
quirements  for  Subm&raae  Qualification.  19t-4c  UNCLASSIFIED. 

Commander,  Submarine  Force,  U.  S,  Atlantic  J Fleet:  Preliminary 
Guidelines  for.  Deep  Submergence  Operations. »XJ} .  CGMSUB L ANT 
Instruction  03120.  ?.  "duly  19631  CONFIDENTIAL- 

Commander.,  Submarine  Force,  U,  3.  Atlantic.  Fleet:  Preln.  inary 
Guidelines  for  Deep  Submergence  Operation's,  (U).  19  July  1963. . 

CONFIDENTIAL  ^  : 

Commanders,  Submarine  Farce,  U.  S.  Atlantic  and  Pacific  Fleet?: 
Standard  Ships  Organization  and  Regulatjoir^danuai  for  SS/SSN, 
GOMSUBLANT/cGMSUBPAC  Instruction  P54Q(h.IA.  Rev.,  Was K- 
iagton,  D.  C. ,  1964.  UNCLASSIFIED. 

Commanders,  Submarine  Force,  U.S.  Atlantic  and  Pacific  Fleets: 
Standard  Ships  Organization  and  Regulation  Manual  for  oSBN 
COMSUBLANT  Instruction'  P5400.  ?.  Rev. ,  Washington,  D.  C* , 
19&3.  UNCLASSIFIED, 

Fleet  Ballistic  Missile  Submarine  Training  Center:  Diving  Trainer 
Capabilities,  Comments,  Discrepancies.  No.  29408,  Charleston, 

S.  cTT^OT  Naval" Base,  \5  November  1 765.  UNCLASSIF iSB. 
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General  Dynamics  Corporation:  SSB(N)-616  Class  -  NObs  4327  - 
Stern  Plane  Jam  Recovery  Study  (U).  No.  ?5A21-04^  New  London, 
Conn.,  Electric  Boat  Division,  March  1965.  CONFIDENTIAL. 

Goodyear  Aerospace  Corporation:  Proposed,  for  Application  of 
GEDA  Equipment  to  Submarine  Simulator.  GERr6l43*  Akron, 

Ohio,  24  June  1954.  UNCLASSIFIED."'  • 

Goodyear  Aerospace  Corporation:  Proposed  Study  of  Submarine 
Tactical  Training.  GAP-2418.  Akron,  Ohio,  13  January  1964^ 
UNCLASSIFIED. 

Hydromechanics  Laboratory:  Predicted  Safe  Operating  Limits  and 
Emergency  Recovery  Capabilities  for  SSN-63?  Class  Submarines  (U) 
No.  C-2053.  Washington,  D.  C.  ,  July  1965.  CONFIDENTIAL. 

Ingalls  Shipbuilding  Corporation:  USS  Barb  Qualification  Guide, 
Instruction  1510.  1.  Pascagoula,  Miss. ,  29  June  1962.  UNCLASSI¬ 
FIED^ 

Silver  Spring  Laboratory:  NSIA/ASWAC  Submarine  Subcommittee 
Meeting  Minutes  (U).  Silver  Spring,  Md. ,  27  September  1965. 
SECRET , 

TAB-SS(N)-594G:  "Steam  Plant  Description  and  Operation  for 
Nav3bips  Engine  Room  (U)."  No  other  identification  available. 
CONFIDENTIAL. 

U.  5.  Department  of  the  Navy:  Design  Study  of  an  Emergency  Main 
Ballast  Tank  Blow  System  in  SS(N)-593  Class  Submarines  (U).  Wasl 
ington,  D.  ,  Bureau' oi  Ships,  March  1964.  CONFIDENTIAL. 

U.  S.  Department  a i  the  Navy:  Modification  of  Ship  Control  and  Sub¬ 
marine  Diving  Trainers  to  Provide  Flooding  and  Plane  Casualty 
Simulation,  Requirement  for  <U).  Letter  to:  Chief  of  Naval  Per¬ 
sonnel  Director,  Special  Projects.  From:  Chief  of  Naval  Oper¬ 
ations,  Office  of  the  Chief  of  Naval  Operations.  No.  G108P31. 

31  March  1964.  CONFIDENTIAL. 

U.  S.  Department  of  the  Navy:  Operators  Guide  for  SS3{N)-6I6  and 
SSB(N)-627  Ship*s  Control  Center  Trainers  (U).  OP  3201.  Wash¬ 
ington,  D.  C. ,  Special  Projects  Oifice,  Bureau  of  Naval  Weapons, 
Rev. ,  12  January  1965.  UNCLASSIFIED, 

U.  S,  Department  of  the  Navy:  Preliminary  Report  on  Submarine 
Flooding  Recovery  Capability  (U).  Washington,  D.  C. ,  Bureau  of 
Ships,  25  April  1963.  CONFIDENTIAL. 

U.  S.  Department  of  the  Navy:  Preliminary;  SSB(N)-6l6  Damage 
Control  Book  (U).  Washington.  D.  C. ,  Bureau  of  Ships,  March 
1965.  Prepared  by  General  Dynamics  Corporation.  CONFIDEN¬ 
TIAL. 


NAYTRADEVCEK  1813-1 


i 


APPENDIX  A 


U.  S.  Department  of  the  Navy:  Submarine  Atmosphere  Habitability- 
Data  Book.  Washington,  D.  C. ,  Bureau  of  Ships,  September  1962. 
UNCLASSIFIED. 

U.  S.  Department  of  the  Navy:  SS(N)-6l3,  614,  and  615  Submarine 
Recovery  Studies  with  Emergency  Main  Ballast  Blow  (U).  No.  432- 
010.  Washington,  D.  C. ,  Bureau  of  Ships,  March  19fa5.  CONFI¬ 
DENTIAL. 

U.  S.  Department  of  the  Navy:  SSB(N)-640  Submarine  Recovery 
Studies  with  Emergency  Main  Ballast  Tank  Blow  System  (U).  No. 
432-05.  Washington,  D.  C.  ,  Bureau  of  Ships,  January  1965.  CON¬ 
FIDENTIAL. 

U.  S.  Department  of  the  Navy:  SS(N)-594  Submarine  Flooding  Re¬ 
covery  Studies  with  Emergency  Main  Ballast  Tank  Blow  System  (U). 
No.  432-09.  Washington,  D.  C. ,  Bureau  of  Ships,  March  1965. 
CONFIDENTIAL. 

U.  S.  Department  of  the  Navy:  USS  Lafayette  Ship  Information  Book. 
NAVSHIPS  SIB-SSB(N)  -6i  6.  '  Vol  1-5  and  11-14.  Washington,  D.  C. , 
Bureau  of  Ships,  1964.  UNCLASSIFIED. 

U.  S.  Department  of  the  Navy:  USS  Permit  Trainer  Operating  and 
Maintenance  Procedures  (U).  14  May  1965.  CONFIDENTIAL. 

U.  S.  Department  of  the  Navy:  Submarine  Safety  Program.  Wash¬ 
ington,  D.  C. ,  Bureau  of  Ships,  1963-64.  UNCLASSIFIED. 

Assignment  of  Tasks  and  Lead  Codes.  Memorandum  to: 

Codes  430,  440,  450,  525,  630,  640,  7?G.  From:  Chair¬ 
man,  Submarine  Steering  Safetv  Task  Groxxo.  No.  525- 
M339-  1  July  1963. 

Assignment  of  Task  and  Lead  Codes.  Memorandum  to: 

Codes  430,  440,  450,  525,  630,  643,  770,  420,  705,  and 
740.  From:  Chairman,  Submarine  Steering  Safey  Task 
Group,  Nc.  525-M403.  12  August  1963. 

Memorandum  to:  All  Assistant  Chiefs,  Director  of  Con¬ 
tracts,  and  Comptroller.  From:  Chief,  Department  of 
the  Navy,  Bureau  of  Ships.  No.  525-1256  .  8  July  1963. 

Evaluation  of  Submarine  Diving  Training  Facilities  and 
Improvement  of  Existing  Capabilities.  Progress  Report 
Task  No.  13.  BuShips  740.  15  August  1963. 

Comments  on  and  Recommendations  for  Flooding  Alarm 
Subtask  7.  3.  Official  Letter  to:  Code  525AT.  From: 

Code  450.  No.  456-6.  13  January  1964. 
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Investigate  and  Document  Information  on  Consequence 
of  Freon  Gas  Escaping  and  Freon  Being  Converted 
into  Phosgene.  Subtask  9.  10.  Consolidation  of  infor¬ 
mation  from  damage  control  section  of  ship  informa¬ 
tion  book.  5  -September  1963. 

Investigate  and  Document  Information  on  Oxygen  and 
Carbon-Dioxide .  Subtask  9. 5.  Code  649.  Consoli¬ 
dation  of  information  from  damage  control  section  of 
ship  information  book.  7  August  1963. 

U«  S.  Naval.  Mare  Island  Shipyard:  SS(N)-594  Ship  Information 
Book  (U).  Vol  1-5.  Vallejo,  Calif.,  1963.  CONFIDENTIAL. 

U.  S.  Naval  Shipyard:  Training  Aid  Booklet  (U).  Vol  1  and  2. 
NAVSHIPS  TAB-SS(N)-593-2.  Portsmouth,  N.  H< ,  1960-61.  CON¬ 
FIDENTIAL. 

U.  S.  Naval  Shipyard:  USS  Jack  SS(N)-605  Ship  Recoverability 
Study  (U).  JACK  INSTR  03960. 1.  Portsmouth,  N.  H. ,  August  1964. 
CONFIDENTIAL. 

U.  S.  Naval  Submarine  School  and  Base:  Basic  Enlisted  Submarine 
Text.  New  London,  Conn.,  1963.  UNCLASSIFIED. 

U.  S.  Naval  Submarine  School  and  Base:  Submarine  Casualties 
Booklet.  New  London,  Conn. ,  1962.  UNCLASSIFIED. 

U.  S.  Naval  Submarine  School  and  Base:  Training  Effectiveness 
Curves  (U).  New  London,  Conn. ,  September  19o5.  CONFIDEN¬ 
TIAL-. 

U.  S.  Naval  Training  Device  Center:  Preliminary  Maintenance 
Handbook  for  Diving  Trainer  Device  21A37/3  (U).  Vol  1-3,  5  and 
6  Port  Washington,  N.  Y.,  1960.  CONFIDENTIAL  except  Vol  5, 
which  is  UNCLASSIFIED. 

U.  S.  Naval  Training  Device  Center:  Retrofit  of  Devices  21A37  and 
21B56  to  Provide  Casualty  Recovery  Training,  Military  Charac¬ 
teristics  Amendments,  Providing  for  (U).  Letter  to:  Chief  of 
Naval  Personnel  (C14a).  From:  Commanding  Officer  and  Direc¬ 
tor,  U5NTDC,  New  London,  Conn.  No.  0304.  19  June  1964. 
CONFIDENTIAL. 


DOCUMENTS,  FEASIBILITY  OF  GENERALIZED  TRAINING  (ALL 
UNCLASSIFIED) 

Adams,  J.  A. ;  Garrett,  C.  A. ;  and  Robertson,  J.  G. :  "Measure¬ 
ment  of  F-86D  Student  Pilot  Ability  in  Radar  Scope  Interpretation.  " 
(reference  continued  next  page) 
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In  Selected  Papers  of  Human  Factors  in  the  Design  and  Use  of  Con¬ 
trol  Systems  (H.  W.  Sinaiko,  ed. ).  New  York,  Dover,  1961 . 

Adams,  J.  A.  ;  and  Humes,  J.  M. :  "Monitoring  of  Complex  Visual 
Displays  IV  Training  for  Vigilance,  "  Human  Factors  J. ,  1963; 

5(2);  147-53. 

Angell,  D. ;  Shearer,  J.  W. ;  and  Berliner,  D.  C. :  Study  of  Train¬ 
ing  Performance  Evaluation  Techniques.  NAVTRADEVCEN  1449-1 
Port  Washington,  N.  Y. ,  U.  S.  Naval  Training  Device  Center,  Oc¬ 
tober  1964. 

Biel,  W.  C. :  "Training  Programs  and  Devices.  "  In  Psychological 
Principles  in  System  Development  (R.  M.  Gagne).  New  York,  Holt 

I962. 

Briggs,  G.  E. ;  and  Naylor,  J.  C. :  Experiments  on  Team  Training 
in  a  Cic-Type  Cer.:er.  NAVTRADEVCEN  1327-1.  Port  Washing¬ 
ton,  N.  Y. ,  U.  S.  Naval  Training  Device  Center,  June  1964. 

Buckhout,  R. ;  Sherman,  H.  ;  Goldsmith,  C.  T. ;  and  Yitale,  P.  A. : 
The  Effect  of  Variations  in  Motion  Fidelity  During  Training  on 
Simulated  Low-Altitude  Flight.  AMRL-TDR-63-108.  Wright- 
Patterson  AFB,  Ohio,  Aerospace  Medical  Research  Laboratories, 
December  1963. 

Cotterman,  T.  E. ;  Effects  of  Variations  in  Specificity  of  Knowl¬ 
edge  of  Results  on  the  Improvement  of  a  Perceptual  Skill.  WADC- 
TR-58-67.  Wright- Patter  son  AFB,  Ohio,  Wright  Air  Develop¬ 
ment  Center,  August  1960. 

Dougherty,  D.  J.  ;  Houston,  R.  C.  ;  and  Nicklas,  D.  R. :  Transfer 
of  Training  in  Flight  Procedures  from  Selected  Ground  Training 
Devices  to  the  Aircraft.  NAVTRADEVCEN  71 -16.  Port  Washing¬ 
ton,  N.  Y. ,  U.  S.  Naval  Training  Device  Center,  September  1957, 

Gabriel,  R.  F. ;  Burrows,  A.  A. ;  and  Abbott,  P.  E.  :  Using  a  Gen¬ 
eralized  Contact  Flight  Simulator  to  Improve  Visual  Time  Sharing. 
NAVTRADEVCEN  1428-1.  Port  Washington,  N.  Y.,  U.  S.  Naval 
Training  Device  Center,  April  1965. 

Kause,  R.  H. ;  Psychological  Theory  as  Related  to  the  Design  of 
Training  Devices.  GER-9903,  S/l.  Akron,  Ohio,  Goodyear  Aero  - 
space  Corporation,  July  I960. 

Kinkade,  R.  G.:  Augmented  Feedback  and  Tracking  Skill.  NAV¬ 
TRADEVCEN  508-3.  Port  Washington,  N.  Y. ,  U.  S.  Naval  Train¬ 
ing  Device  Center,  October  1959. 
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Miller,  R.  B. :  Task  and  Part-Task  Trainers  and  Training, 
WADD-TR-60-649.  Wright-Patterson  AFB,  Ohio,  Wright  Air 
Development  Center,  June  I960. 

"Navy  Study  'Kinetic  Cueing'  for  Flight  Simulators,  ”  Aviation 
Daily  J. ,  18  May  1963. 

Naylor,  J.  C. ;  and  Briggs,  G.  E. :  "Team  Training  Effectiveness 
under  Various  Conditions,  "  J.  Applied  Psychol. ,  1965;  49(4): 
223-9. 

Naylor,  J.  C.  ;  Briggs,  G.  E. ;  and  Buckhout,  R. :  Long-Term 
Skill  Transfer  and  Feedback  Conditions  during  Training  and  Re¬ 
hearsal.  AMRL-TDR-63-13.  Wright-Patterson  AFB,  Ohio, 
Aerospace  Medic?!  Research  Laboratories,  December  1963. 

Newton,  J.  M. :  Training  Effectiveness  as  a  Function  of  Simulator 
Complexity.  New  York,  General  Dynamics  Corporation,  Septem¬ 
ber  1959. 

Parker,  J.  F. ,  Jr.  ;  and  Downs,  J.  E.  :  Selection  cf  Training 
Media.  ASD-TR-6 1-473.  Wright-Patterson  AFB,  Ohio,  Aero¬ 
nautical  Systems  Division,  September  1961. 


Smode,  A.  F. ;  Gruber,  O. ;  and  Ely,  J.  H. :  Human  Factors  Tech¬ 
nology  in  the  Design  of  Simulators  for  Operator  Training.  NAV- 
TRADEVCEN  1103-1.  Port  Washington,  N.  Y. ,  U.  S.  Naval  Train¬ 
ing  Device  Center,  December  1963. 

Teichner,  W.  H.  ;  and  Myers,  J.  L. :  Training  Aspects  of  Decision 
Making.  NAVTRADEVCEN  588 - 1 .  Port  Washington,  N.  Y.  ,  U.  S. 
Naval  Training  Device  Center,  March  1961. 


3.  DOCUMENTS,  MISCELLANEOUS 

U.  S.  Department  of  the  Navy: 

Accidental  Submarine  Sinkings  Since  1904,  a  Listing  of. 
Prepared  by:  Lt.  Robert  E.  Grunawait  and  The  Sub¬ 
marine  Library  and  Museum  Staff.  2  October  1964. 

Damage  Control  Section  for  Ships  Information  Book.  Re¬ 
quest  for  a.  No.  523-1293,  Letter  to:  Commander, 
Submarine  Force,  U.  S.  Pacific  Fleet,  Officer  in  Charge, 
U.  S.  Naval  Submarine  School,  New  London,  Conn.  From: 
Bureau  of  Ships,  Washington,  D.  C. ,  10  July  1963. 
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Dock  Trials,  Fast  Cruise,  Sea  Trials  and  Deep  Dive, 
Procedures  for.  Letter  to:  Goodyear  Aerospace  Cor- 
poration,  Akron,  Ohio.  From:  Commanding  Officer, 

USS  Ethan  Allen  (SSBN608),  Fleet  Post  Office,  N6w 
York,  N.  Y.,  6  March  1965. 

Engineering  Department  Qualification.  Letter  to: 
Goodyear  Aerospace  Corporation,  Akron,  Ohio. 

From:  Engineer  Officer,  USS  Barb  (SSN596),  Ingalls 
Shipbuilding  Corporation,  Pascagoula,  Miss. ,  10 
April  1962. 

Navy  Official  Board  of  Investigation  Concerning  the 
Loss  oTthe  USS  Thresher  (SSN-593).  No.  5360.  Let- 
ter  to:  Goodyear  Aerospace  Corporation,  Akron,  Ohio. 
Frcm:  G.  E.  Krouse,  Captain,  Office  of  the  Judge 
Advocate  General,  Washington,  D.  C. ,  5  August  1965. 

Officer  of  the  Deck  Manual,  Promulgation  of.  Letter 
to:  Goodyear  Aerospace  Corporation,  Akron,  Ohio. 
From:  Commanding  Officer,  USS  Barb  (SSN596), 

Fleet  Post  Office,  San  Francisco,  Calif. ,  3  October 
1963. 

SSBN  616  Class,  Comments  on  Proposed  Damage  Con¬ 
trol  Manual.  No.  405B/N  0960.  Letter  to:  Chief, 
Bureau  of  Ships,  Washington,  D.  C.  From:  Commander, 
Submarine  Force,  U.  S.  Atlantic  Fleet,  24  September 
1963. 

Stern  Plane  Jam  and  Recovery  Action  Time,  Analysis  of. 
No.  43/37.  Letter  to:  Chief,  Bureau  of  Ships,  Navy 
Department.  Washington,  D.  C«  From:  Commanding 
Officer,  Submarine  Safety  Center,  U.  S.  Naval  Submarine 
Base,  New  London,  Conn.,  15  March  1965. 

Watch  Organization  for  SSBN-608.  Abstracted  from: 

U.  S.  Navy  Regulations,  Chapter  10,  and  the  USS  Ethan 
Allen  (SSBN-608)  Orgardzation  and  Regulations  Manual. 


4.  DATA  COLLECTION  VISITATIONS 
a.  Facilities 

Charleston,  S.  C. 

Fleet  Ballistic  Missile  Training  Center 
Commander,  Submarine  Flotilla  Six 
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Norfolk,  Va. 

Commander,  Submarine  Force,  U.  S.  Atlantic  Fleet 
New  London  Area,  Conn. 

Deputy  Commander,  Submarine  Force,  U.  S.  Atlantic 
Fleet 

Officer  In  Charge,  U.  S.  Naval  Submarine  School 
Commander,  Submarine  Development,  Group  Two 
Submarine  Safety  Center 
Pearl  Harbor,  Hawaii 

Commander,  Submarine  Force,  U.  S,  Pacific  Fleet 
Commander,  Submarine  Division  Seventy-one 
Commander,  Submarine  Division  Seventy-two 
Chief  of  Staff,  Submarine  Squadron  Fifteen  Representative 
Commander,  Fleet  Submarine  Training  Facility 
Washington.  D.  C. 

Bureau  of  Naval  Personnel 
Bureau  of  Ships 

Bureau  of  Weapons,  Special  Projects  Office 
Office  of  the  Chief  of  Naval  Operations 

b.  Ships 

USS  Barb,  (SSN  596) 

USS  Nathaniel  Greene,  (SSBN  636),  Gold 
USS  Shark,  (SSN  591) 

USS  Von  Steuben,  (SSBN  632),  Blue 

c.  Off  Duty  SSBN  Officers 

USS  Daniel  Boone,  (SSBN  629),  Gold 
USS  John  C.  Calhoun,  (SSBN  630),  Gold 
USS  Ulysses  S.  Grant-  (SSBN  631),  Blue 
USS  Stonewall  Jackson,  (SSBN  634),  Gold 
USS  Lafayette,  (SSBN  61 6),  31ue 
USS  James  Madison,  (SSBN  627),  Blue 
USS  Sam  Rayburn,  (SSBN  635),  Blue 
USS  Tecumseh,  (SSBN  628),  Blue 
USS  Woodrow  Wilson,  (SSBN  624),  Blue 
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CASUALTY  IDENTIFICATION  AND  CLASSIFICATION 

CLASS  I  -  SHIP  COMMAND  AMD  CONTROL 
Subclass  A  -  Stern.  Plane  Casualties 
Sub-subclass  1,  Fail  on  full  dive 

a.  Actual  failure  -  mechanically  jammed 

b.  Instrument  failure 

c.  Hydraulic  plant  failure 

(1)  Lose  "normal*  mode 

(2)  Lose  "emergency"  mode 

(3)  Lose  (1)  and  (2) 

(4)  Lose  all  hydraulics 

d.  Electrical  system  failure 

e.  Improper  operator  setting 
Sub-subclass  2.  Fail  on  full  rise 

a.  Actual  failure  -  mechanically  jammed 

b.  Instrument  failure 

c.  Hydraulic  plant  failure 

(1)  Lose  "normal"  mode 

(2)  Lose  "emergency"  mode 

(3)  Lose  (1)  and  (2)  above 

(4)  Lose  "manual"  mode 

(5)  Lose  all  hydraulicsa 

d.  Electrical  system  failure 

e.  Improper  operator  setting 
Sub-subclass  3.  Fail  at  a:  0  deg  £  20  deg  dive 

a.  Actual  failure  -  mechanically  jammed 

b.  Instrument  failure 

c.  Hydraulic  plant  failure 
(1)  Lose  "normal"  mode 


aTo  include  pipe  rupture,  servovalve  failure,  transfer  valve  failure, 
normal  amplifier  failure,  standby  amplifier  failure,  400-cps  power 
loss/  AMC  computer,  or  system  failure. 
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Sub-subclass  4. 


(2)  Lose  "emergency*1  mode 

(3)  Lose  (1)  and  (2)  above 

(4)  Lose  "manual"  mode 

3. 

(5)  Lose  all  hydraulics  . 

d.  Electrical  system  failure 

e.  Improper  operator  setting 
Fail  at  2  0  deg.k20  deg  Rise 

a.  Actual  failure  -  mechanically  jammed 

b.  Instrument  failure 

c.  Hydraulic  plant  failure 

(1)  Lose  "normal"  mode 

(2)  Lose  "emergency"  mode 

(3)  Lose  (1)  and  (2)  above 

(4)  Lose  *  manual"  mode 

(5)  Lose  all  hydraulics 

d.  Electrical  system  failure 

e.  Improper  operator  setting 


Subclass  B  -  Bow/Fairwater  Plane  Casualties 
Sub-subclass  1;  Fail  on  full  dive 

ar  Actual  failure  -  mechanically  jammed 

b.  Instrument  failure 

c.  Hydraulic  plant  failure 

(1)  Lose  "normal"  mode 

(2)  Lose  "emergency"  mode 
(3}  Lose  (1)  and  (2)  above 

(4)  Lose  "manual"  mode 

(5)  Lose  ail  hydraulics 

d.  Electrical  system  failure 

e.  Improper  operator  setting  . 


-To  include  pipe  rupture,  servovalve  failure',  transfer  valve  failure, 
normal  amplifier  failure;  standby  amplifier  failure,  400-cps  power 

loss,  AMG  computer,  or  system  failure.  - 
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Sub-subclass  2.  Fail  on  full  rise 

a.  Actual  failure  -  mechanically  jammed 

b.  Instrument  failure 

c.  Hydraulic  plant  failure 

(1)  Lose  "normal"  mode 

(2)  Lose  "emergency"  mode 

(3)  Lose  (1)  and  (2)  above 

t 

(4)  Lose  "manual"  mode 

(5)  Lose  all  hydraulics 

»• 

d.  Electrical  system  failure 

e.  Improper  operator  setting 
Sub-subclass  3.  Fail  at  2  0  deg  s  20  deg  dive 

a.  Actual  failure  -  mechanically  jammed 

b.  Instrument  failure 

c.  Hydraulic  plant  failure 

(1)  Lose  "normal"  mode 
{2}  Lose  "emergency"  mode 

(3)  Lose  (1)  and  (2)  above 

(4)  Lose  "manual"  mode 

(5)  Lose  all  hydraulics 

d.  Electrical  system  failure 

e.  Improper  operator  setting 
Sub-subclass  4.  Fail  at  2:0  deg  ^20  deg  dive 

a.  Actual  failure  -  mechanically  jammed 

b.  Instrument  failure 

c.  Hydraulic  plant  failure 

(1)  Lose  "normal"  mode 

(2)  Loss  "emergency"  mode 

(3)  Lose  (1)  and  (2)  above 

(4)  Lose  "manual"  mode 

(5)  Lose  all  hydraulics 

*To  include  pipe  rupture,  servovalve  failure,  transfer  valve  failure, 
normal  amplifier  failure,  standby  amplifier  failure,  400-cps  power 
loss,  AMC  computer,  or  system  failure. 
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d.  Electrical  system  failure  - 

e.  Improper  operator  setting 

Subclass  C  -  Steefiiig  Casualties 

Sub-subclass  1.  Rudder  fails  at  "hard  right/left” 

a.  Actual  failure  -  mechanically  jammed 

b.  Instrument  failure 

c.  Hydraulic  plant  failure 

(1)  Lose  "normal*  mode 

(2)  Lose  "emergency"  mode 

(3)  Lose  (1)  and  (2)  above 

(4)  Lose  "manual"  mode 

(5)  Lose  all  hydraulicsa 

d.  Electrical  system  failure 

e.  Improper  operator  setting 
Sub-subclase  2.  Rudder  fails  at  2:0  deg  £35  deg  R/L 

a.  Actual  failure  -  mechanically  jammed 

b.  Instrument  failure 

c.  Hydraulic  plant  failure 

(1)  Lose  "normal"  mode 

(2)  Lose  "emergency"  mode 

(3)  Lose  {1}  and  (2)  above 

(4)  Lose  "manual"  mode 

(5)  Lose  ail  hydraulics 

d.  Electrical  system  failure 

e.  Improper  operator  setting 


Subclass  D  -  Main  Ballast  Tank  Blow  Systems 
Sub -‘subclass  i.  Forward  group  won't  blow 

a.  Switch  failure 

b.  Solenoid  failure 

c.  Valve  failure 


To  include  pipe  rupture,  servovalve  failure,  transfer  valve  failure, 
normal  amplifier  failure,  standby  amplifier  failure,  400-cp3- power 
loss,  AMC  computer,  or  system  failure. 
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dj  Piping  failure 

e.  Flask  failure 

f.  Improper  control  setting 

g.  ;  Instrument  error/taiiure 
Sub-subclass  2.  After  group  won’t  blow 

9-i  Switch  .failure  . 

!>,  Solenoid . failure 
'  c,  Valve  failure 

d.-.  Piping  failure 
-  e.  Flask-failure 
t ,  Improper  control  setting 

%.  Instrufseni  e-rror/failure 
Sub-subclass'  3,  No,  1  MBT  won't  blow 

a.  Switch  failure 

b.  Solenoid  failure 

c.  Valve  failure 

d.  Piping  failure 

e.  Flask  failure 


f.  Improper  control  setting 

g.  Instrument  error/failure 
Sub-subclass  4,  Low  pressure  blower  won't  blow 

a.  Mechanical  failure  of  blower 

b.  Switch  failure 

c.  Valve  failure 

d.  Piping  failure 

e.  Pressure  regulator  failure 

f.  Improper  control  setting 

g.  Instrument  error/failure 
Sub-subclass  5.  Diesel  engine  won't  blow 

a.  Mechanical  failure  of  engine 

b.  Starting  air  failure 

c.  Valve  failure 

d.  Piping  failure. 

e.  Improper  control  setting 
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Sub-subclass  6«  Emergency  blow  system 

s,  Switch  failure 

b,  Actuating  flask  hied  down 

c.  Gar.  generator  or  flask  failure 
cL  Valve  failure 

e.  Piping  failure 

f.  improper  control  getting 

v  *  .  g.  Instrument  error/failure 

Subclass  E  -  Negative  Tank  System 
Sub-subclass  L  HP  blow  system  failure 

a.  Switch  failure 
h.  Solenoid  failure 

c.  Blow  valve  failure 
d;  Piping  failure 

e.  Improper  control  setting 
L  Indicator  error/failure 
Sub-subclass  2.  225  PS1  blow  system  failure 

a.  Valve  failure 

b.  Piping  failure 

c»  Improper  control  setting 

d.  Indicator  error/ failure 
Sub-subclass  3.  Flood  valve  failure 

a.  Valve  or  hydraulic  failure 

b.  Switch  failure 

c.  Solenoid  failure 

d.  Improper  control  setting 

e.  Indica  tor  error/fatlure 

* 

Sub-subclass  4.  Vent  valve  failure 

a.  Valve  or  hydraulic  failure 
b*.  Switch  failure  -  . 

c.  Solenoid  failure 

d.  Improper  control  setting. 

e.  Indicator  error/ failure 
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Sub-subclass  5.  Trim  system  failure 

a.  Switch  failure 

b.  Solenoid  failure 

c.  Valve  failure 

d.  Piping 

e.  Improper  control  setting 
i.  Indicator  error/failure 

Subclass  F  -  Main  Ballast  Tank  .Vent  System  Failures 
Sub-subclass  1.  Vents  open 

a.  Switch  failure 
fc.  Solenoid  failure 

c.  Hydraulic  system  failure 

d.  Piping  failure 

e.  Valve  failure 

f.  Improper  control  setting 

g.  Indicator  error/failure 
Sub-subclass  2,  Vents  shut 

a.  Switch  failure 

b.  Solenoid  failure 

c.  Hydraulic  system  failure 

d.  Piping  failure 

e.  Valve  failure 

f.  Improper  control  setting 

g.  Indicator  error/failure 

Subclass  G  -  Variable  Ballast  System 
Sub-subclass  1,  Trim  pump  failure 

a.  Switch  failure 

b.  Other  electrical  system  (motor,  controller, 
circuit  breakers) 

c<  Mechanical  failure  (pump  and/or  suction  and 
discharge  valves) 

d.  Priming  pump  failure 

e.  Improper  control  setting 

f.  Instrument  error/failure 
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Sub- subclass  2. 


'  Sub-subclass  3. 


Sub-subclass  4. 


Sub-subclass  5. 


Sub-subclass  6, 


Forward  trim  tank  failure 

a.  Switch  failure 

b.  Solenoid  failure 

c.  Valve  failure 

d.  Piping  failure 

e.  Improper  control  setting 

f.  Indicator  error/failure 
After  trim  tank  failure 

a.  Switch  failure 

b.  Solenoid  failure 

c.  Valve  failure 

d.  Piping  failure 

e<  Improper  control  setting 
f.  Indicator  error/failure 
Auxiliary  tank(s)  failure(s) 

a.  Switch  failure 

b.  Solenoid  failure 

c.  Valve  failure 

d.  Piping  failure 

e.  Improper  control  setting 

f.  Indicator  error/failure 

Water  round  torpedo  (WRT)  tanks(s)  failure(s) 

a.  Switch  failure 

b.  Solenoid  failure 

c.  Valve  failure 

d.  Piping  failure 

e.  Improper  control  setting 

f.  Indicator  error/failure 

g.  Torpedo  tube  interlocks  broken 
Hovering  tank(s)  failure(s) 

a.  Switch  failure 

b.  Solenoid  failure 

c.  Valve  failure 

d.  Piping  failure 
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e.  Improper  control  setting 
f*  Indicator  error/failure 

Subclass  H  -  Mast  System  Failures 
Sub-subclass  1.  ECM  mast  failure 

a.  Switch  failure 

b.  Solenoid  failure 

c.  Valve  failure 

d.  Piping  failure 

e.  Mechanical  failure  (binding  -  stuck) 

f.  Improper  control  setting 

g.  Indicator  error/failure 

h.  Hydraulic  system  failure 
Sub-subclass  2.  Radio  antenna  mast(s)  failure(s) 

a.  Switch  failure 

b.  Solenoid  failure 

c.  Valve  failure 

d.  Piping  failure 

e.  Mechanical  failure  (binding  -  stuck) 

f.  Improper  control  setting 

g.  Indicator  error/failure 

h.  Hydraulic  system  failure 
Sub-subclass  3.  Radar  mast  failure 

a.  Switch  failure 

b.  Solenoid  failure 

c.  Valve  failure 

d.  Piping  failure 

e.  Mechanical  failure  (binding  -  stuck) 

f.  Improper  control  setting 

g.  Indicator  error/failure 

h.  Hydraulic  system  failure 
Sub-subclass  4,  Snorkel  mast  failure 

a.  Switch  failure 


b.  Solenoid  failure 


c.  Valve  failure 

d.  Piping  failure 

e.  Mechanical  failure  (binding  -  stuck) 

f.  Improper  control  setting 

g.  Indicator  error/failure 

h.  Hydraulic  system  failure 
Sub-subclass  5.  Periscope(s)  failure(s) 

a.  Switch  failure 

b.  Solenoid  failure 

c.  Valve  failure 

d.  Piping  failure 

e.  Mechanical  failure  (binding  -  stuck) 

£.  Improper  control  setting. 

g.  Indicator  error/failure 

;  ' 

h.  Hydraulic  system  failure 

Subclass  I  -  Automatic  Maneuvering  Control  (AMC)  System  Failure 
Sub-subclass  1.  Depth  control  failure 

a.  Switch  failure 

b.  Computer  failure  (mechanical  or  electrical) 

c.  Improper  control  setting 

d.  Sensor  input  error  or  failure 

e.  Amplifier  failure 
Sub-subclass  2.  Depth  rate  failure 

a.  Switch  failure 

b.  Computer  failure  (mechanical  or  electrical) 

c.  Improper  control  setting 

d.  Sensor  input  error  or  failure 
Sub-subclass  3.  Trim  control  failure 

a.  Switch  failure 

b.  Computer  failure  (mechanical  or  electrical) 

c.  Improper  control  setting 

d.  Sensor  input  error  or  failure 

e.  Amplifier  failure 


Sub-subclass  4.  Course  control  failure  j 

a.  Switch  failure  j 

b.  Computer  failure  (mechanical  or  electrical)  j 

» 

c.  Improper  control  setting  ; 

d. '  Sensor  input  error  of  failure 

Sub-subclass  5.  Turn  rate  failure 

a.  Switch  failure 

'  b.  Computer  failure  (mechanical  or  electrical) 

c.  Improper  control  setting 

d.  Sensor  input  error  or  failure 

Subclass  J  -  Interior  Communication  Systems  Failure 
Sub-subclass  1.  MC  failure 

a.  Electrical  failure 

b.  Improper  control  setting 

Sub-subclass  2.  2  MC  failure 

a.  Electrical  failure 

b.  Improper  control  setting 

Sub-subclass  3.  4  MC  failure 

a.  Electrical  failure 

b.  Improper  control  setting 

Sub-subclass  4.  7  MC  failure 

a.  Electrical  failure 

b.  Improper  control  setting 

Sub-subclass  5.  21  MC/27  MC  (integrated  announcing  systems) 

failure 

a.  Electrical  failure 

b.  Improper  control  setting 

Sub-subclass  6.  31  MC 

a.  Electrical  failure 

b.  Improper  control  setting 

Sub-subclass  7.  32  MC  failure  (SSBN1  s  only) 

a*  Electrical  failure 
b.  Improper  control  setting 
Sub-subclass  8.  10  JG  failure  (SSBN’s  only) 

a.  Electrical  failure 


m 
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b.  Improper  control  setting 
Sub -subclass  9.  XlJ  failure 


a.  Electrical  open,  ground,  or  short 

b.  Faulty  hand/head  set 

c.  Improper  control  setting  (isolation  or  press - 
to -talk  switch) 

Sub-subclass  10.  X43J  failure  (SSBN's  only) 

a.  Electrical  open,  ground,  or  short 

b.  Faulty  hand/bead  set 

c.  Improper  control  setting  (isolation  or  press- 

to-talk  switch)  * 

Sub-subclass  11.  X60J  failure 


a*  Electrical  open,  ground,  or  short 

b.  Faulty  hand/head  set 

c.  Improper  control  setting  (isolation  cr  press - 
to -talk  switch) 

Sub-subclass  12.  JA  failure 


a.  Electrical  open,  ground,  or  short 

b.  Faulty  hand/head  set 

c.  Improper  control  setting  (isolation  or  press - 
to -talk  switch) 


CLASS  II  -  GENERAL  EMERGENCIES 
Subclass  A  -  Fire 

Sub-subclass  1.  Class  A  fire  (cloth,  wood,  etc. ) 

a.  Bow  compartment  (SSN-594  and  later  attack 
types  only) 

b.  Torpedo  room,  forward 

c.  Torpedo  room,  midships  (SSN-594  and  later 
attack  types  only) 

d.  Control  room  and  attack  center 

e.  Other  berthing  spaces 

f.  Galley  and  messing  areas 

g.  Sonar  room 

h.  Radio  room 
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i.  Navigation  center  (SSBN's  only) 

j.  Missile  control  center  (SSBN's  only) 

k.  Missile  compartment  (SSBN's  only) 

l.  Air  regene  ration/C  O2  scrubber  room  (attack 
type  only) 

m.  AMR  No.  1,  (SSBN's  only)  or  air  regeneration 
room  (SSN's) 

n.  AMS/AMR  No.  2 

o.  Maneuvering  room 

p.  Engine  room' 

q.  Battery  well 

*  r.  Diesel  engine  space 

s.  Reactor  compartment  tunnel 

t.  Reactor  compartment,  lower  level 
Sub-subclass  2.  Class  B  fire  (oil) 

a.  Bow  compartment  (SSN-594  and  later  attack 
types  only) 

b.  Torpedo  room*  forward 

c.  Torpedo  room,  midships  (SSN-594  and  later 
attack  types  only) 

d.  Control  room  and  attack  center 

e.  Other  berthing  spaces 

f.  Galley  and  messing  area 

g.  Sonar  room 

h.  Radio  room 

i.  Navigation  center  (SSBN's  only) 

j.  Missile  control  center  (SSBN's  only) 

k.  Missile  compartment  (SSBN's  only) 

*  1.  Air  regene  ration/C  scrubber  room  (attack 

type  only) 

m.  AMR  No.  1,  (SSBN's  only)  or  air  regeneration 
room  (SSN's) 

n.  AMS/AMR  No.  2 

o.  Maneuvering  room 

p.  Engine  room 

q.  Battery  well 
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Sub-subclass 


Subclass  B  - 
Sub-subclass 


Sub-subclass 


r.  Diesel  engine  space 
3*  Class  C  fire  (electrical) 

a.  Bow  compartment  (SSN-594  and  later  attack  types 
only) 

b.  Torpedo  room,  forward 

c.  Torpedo  room,  midships  (SSN-594  and  later 
attack  types  only) 

d.  Control  room  and  attack  center 

e.  Other  berthing  spaces 

f.  Galley  and  messing  area 

g.  Sonar  room 

h.  Radio  room 

i.  Navigation  center  (SSBN's  only) 

jw  Missile  control  center  (SSBN's  only) 

k.  Missile  compartment  (SSBN's  only) 

l.  Air  regene  ration/C  scrubber  room  (attack 

type  only 

m.  AMR  No.  1,  (SSBN's  only)  or  air  regeneration 
room  (SSN's) 

n.  AMS/AMR  No.  2 

o.  Maneuvering  room 

p.  Engine  room 

q.  Battery  well 

r.  Diesel  engine  space 

Flooding 

1.  Bow  compartment  (SSN-594  and  later  attack  types 
only) 

a.  Upper  level 

(1)  Through  pressure  bull 

(2)  Between  hull  stop  and  back-up  stop  valves 

(3)  Downstream  of  back-up  stop  valve 

b.  Lower  level 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  back-up  stop  valves 

(3)  Downstream  of  back-up  step  valve 

2.  SQS-6  dome  (SSN-594  and  later  attack  types  only) 
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(1)  Through  pressure  hull 

Sub'subclass  3,  Torpedo  room,  forward  (all  except  SSN-594  and  later 

attack  types) 

a.  First  platform  deck 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valves 

(3)  Downstream  of  backup  stop  valve 

b.  2nd  platform  deck 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valves 

(3)  Downstream  of  backup  stop  valve 

c.  3rd  platform  deck 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valves 

(3)  Downstream  of  backup  stop  valve 
Sub-subclass  4.  Operations  compartment  (less  battery  well) 

a.  First  platform  deck 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valves 

(3)  Downstream  of  backup  stop  valve 

b.  2nd  platform  deck 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valve 

(3)  Downstream  of  backup  stop  valve 

c.  3rd  platform  deck 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valve 

.  (3)  Downstream  of  backup  stop  valve 

Sub~8ubclass  5.  Missile  compartment 

a.  First  platform  deck 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valve 

(3)  Downstream  of  backup  stop  valve 

b.  2nd  platform  deck 

(1)  Through  pressure  hull 
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Sub-subclass  6. 


Sub-subclass  7. 


(2)  Between  hull  stop  and  backup  stop  valve 

(3)  Downstream  of  backup  stop  valve 
c.  3rd  platform  deck 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valve 

(3)  Downstream  of  backup  stop  valve 
AMR  No.  I  (SSBN's  only) 

a.  Upper  level 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valve 

(3)  Downstream  of  backup  stop  valve 

b.  Lower  level 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valve 

(3)  Downstream  of  backup  stop  valve 
AMS/AMR  No.  2 

a.  Upper  level 

(1)  Through  pressure  hull 

{2}  Between  hull  stop  and  backup  stop  valve 

(3)  Downstream  of  backup  stop  valve 

b.  Lower  level 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valve 

(3)  Downstream  of  backup  stop  valve 
Maneuvering  room 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valve 

(3)  Downstream  of  backup  stop  valve 
Engine  room 

a.  Upper  level 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valve 

(3)  Dovmstream  of  backup  stop  valve 

b.  Lower  level 


Sub-subclass  8. 


Sub-subclass  9. 
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Sub-subclass  10. 


'  Sub-subclass  11. 


Sub-subclass  12. 


(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valve 

(3)  Downstream  of  backup  stop  valve 
Reactor  compartment  tunnel 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valve 

(3)  Downstream  of  backup  stop  valve 
Reactor  compartment  lower  level 

(1}  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valve 

(3)  Downstream  of  backup  stop  valve 
Battery  well 

(1)  Through  pressure  hull 

(2)  Between  hull  stop  and  backup  stop  valve 

(3)  Downstream  of  backup  stop  valve 


Subclass  C  -  Atmosphere  Control  and  Toxic  Gas  Contamination 
Casualties 


Sub-subclass 

1. 

Lack  of  oxygen 

Sub-subclass 

2. 

Smoke 

Sub-subclass 

3. 

Carbon  monoxide 

Sub-subclass 

4. 

Carbon  dioxide 

Sub-subclass 

5. 

Ozone 

Sub-subclass 

6. 

Sulfuric  acid  fumes 

Sub-subclass 

*? 
t  • 

Chlorine 

Sub-subclass 

8. 

Hydrocarbon  gases 

Sub-subclass 

9. 

Acrolein 

Sub-subclass  10. 

Arsine/stibine 

Sub-subclass  11. 

Amine  vapor 

Sub-subclass  12. 

Hydrochloric  acid  fumes 

Sub-subclass  13. 

Phosgene 

Sub-subclass  14. 

Freon 

Sub-subclass  15. 

Acetylene 

Sub-subclass  16. 

Acetone 

Sub-subclass  17. 

Selenium 
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Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub- subclass 
Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub-subclass 

Subclass  D  - 
Sub-subclass 


Sub-subclass 


Subclass  E  - 
Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub-subclass 

Subclass  F  - 
Sub-subclass 
Sub-subclass 


MivTiiarygiu  1*11.1 


18.  Mercury 

19.  Hydrogen  sulfide 

20.  Excessive  hydrogen 

21.  Excessive  nitrogen 

22.  Mustard  gas 

23.  Tear  gas 

24.  Lewisite  gas 

25.  Nerve  gas 

Collision/  grounding 

1.  Surfaced 

a.  Noncompliance  with  rules  of  the  road 

b.  Faulty  navigation 

c.  Improper  control  setting 

d.  Sensor  error/failure 

2.  Submerged 

a.  Noncompliance  with  rules  of  the  road 

b.  Faulty  navigation 

c.  Improper  control  setting 

d.  Sensor  error/failure 

Personal  Safety/Personnel  Casualties 

1.  Electric/shock 

2.  Drowning 

3.  Injury  from  rotating  machinery 

4.  Injury  from  tool  use 

5.  Man  left  on  bridge  or  main  deck 

6.  Skin  burns 

Escape  and  Rescue  Casualties 

1.  Equipment  failure(s) 

2.  Improper  procedure(s) 


CLASS  HI  -  POWER  PLANT  CASUALTY  EFFECTS 
Subclass  A  -  Propulsion  Casualties 
Sub-subclass  1.  One  main  engine  fails 
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Sub-subclass 

Sub-subclass 


Sub-subclass 


Sub-subclass 


Subclass  B  - 
Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub-subclass 

Subclass  C  - 
Sub-subclass 
Sub-Subclass 
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a.  One  drive,  one  drag 

b.  One  drive,  one  stopped  and  mechanically  dis¬ 
connected  from  brill  gear 

2.  Two  main  engines  and/or  bull  gear  fail 

3.  Electric  propulsion  motor  (EPM)  fails 

a.  Electrical  failure 

b.  Mechanical  failure  (armature  will  not  rotate) 

4.  Secondary  propulsion  motor  (SPM)  system  failure 

a.  Electrical  failure 

b.  Hydraulically  and  mechanically  locked  in  ex¬ 
tended  position 

c.  Hydraulically  and  mechanically  locked  in 
raised  position 

5.  Propulsion  drive  failure 

a.  Excessive  stern  tube  leakage  or  flooding 

b.  Shafting  parts  aft  of  thrust  bearing 

c.  Thrust  bearing  fails 

d.  Propeller  failure 

(a)  One  or  more  blades  broken  off 

(b)  Propeller  falls  off 

High-Radiation  Casualty 

1.  Forward  of  reactor  compartment 

2.  Reactor  compartment  tunnel 

3.  AMS  or  AMR  No.  2 

4.  Engine  room 

Major  Steam  Leak 

1.  On  upstream  side  of  main  steam  cut-out  valve 

2,  On  downstream  side  of  main  steam  cut-cut  valve 


Subclass  D  -  Reactor  Emergency 
Sub-subclass  1.  Requires  single-loop  operation 

Sub-subclass  2.  Requires  complete  shutdown 

Sub-subclass  3.  Requires  poison 

Subclass  E  -  Primary  Coolant  Leak 
Sub-subclass  1.  Major  leak 
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Sub-subclass 


Subclass  F  " 
Sub-subclass 


Sub-subclass 

Sub-subclass 


Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub- subclass 
Sub- subclass 
Sub-subclass 


Sub-subclass 


Sub-subclass 
Sub-sub  class 
Sub-subclass 


a.  Reactor  compartment  lower  level 

b.  Reactor  compartment  tunnel 

c.  AMS/AMR  No.  2  lower  level 

d.  AMS/AMR  No.  2  upper  level 
2.  Minor  leak 

a.  Reactor  compartment  lower  level 

b.  Reactor  compartment  tunnel 

c.  AMS/AMR  No.  2  lower  level 

d.  AMS/AMR  No.  2  upper  level 

Electric  Plant  Failures 

1.  Lose  one  ship's- service  turbine  generator  (SSTG) 

a.  One  running 

b.  Two  running 

2.  ho se  two  SSTG's 

3.  hose  one  ship1  s-service  motor  generator  (SSMG) 

a.  One  running 

b.  Two  running 

4.  Lose  two  SSMG' 6 

5.  lose  MG  busses 

6.  hose  starboard  DC  bus 

7.  lose  port  DC  bus 

8.  lose  battery  bus 

9.  lose  diesel  generator 

a.  Surfaced 

b.  Submerged 

10.  lose  one  400-cps  2vi/G 

a.  O.e  running 

b.  Two  running 

11.  lose  two  400-cps  M/G 

12.  Lose  60-cps  1C  SWBD 

13.  Lose  400-cps  1C  SWBD 
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CASUALTY  CLASSIFICATION 

•>  i 

Degree  of 
criticality 

CLASS  I  -  SHIP  COMMAND  AND  CONTROL 

Subclass  A  - 

Stern  Plane  Casualties 

Sub- subclass 

l.  Fail  on  dive 

a.  Mechanical  jamming 

1  and  2 

b.  Electrohydraulic 

2  and  3 

c.  Indication 

4  and  5 

Sub-."ibclass 

2.  Fail  on  rise 

a.  Mechanical  jamming 

3 

b.  Electrohydraulic 

3  and  4 

c.  Indication 

4  and  5 

Subclaes  B  - 

Fairwater  Plane  Casualties 

Sub-subclass 

1.  Fail  on  dive  or  iise 

a.  Mechanical  jamming 

3 

b.  Electrohydraulic 

3  and  4 

c.  Indication 

4  and  5 

The  degree  of  criticality  is  defined  below: 

Code  no. 

1  Immediately  commence  emergency  main  ballast  tank 
blow  to  surface  or  periscope  depth  to  control  casualty 
and/or  reduce  its  severity. 

2  Immediately  commence  normal  main  ballast  tank  blew 
and  conduct  normal  surface  or  come  to  periscope  depth 
or  some  other  safe  depth  less  than  200  ft  to  control 
casualty  and/or  reduce  its  severity. 

3  Deliberate  ship  control  action  may  be  required  to  ensure 
safe  ship  operations.  System  functions  must  be  re¬ 
stored  immediately. 

4  Ship  control  action  not  immediately  required.  System 
functions  must  be  restored  immediately. 

5  Continue  operations.  Immediate  action  not  required. 


I 


i 


l 
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Subclass  C  - 
Sub-subclass 

,  Sub-subclass 
Subclass  D  - 

Sub-subclass 

Sub-subclass 

Sub-subclass 

Sub- subclass 

Sub-subclass 

Sub-subclass 


Degree  of 
criticality 

Steering  System  Casualties 

1.  Rudder  system 

a.  Mechanical  jamming 

3  and  4 

b.  Electrohydraulic 

3  and  4 

c*  Indication 

4  and  5 

2.  Compass  system 

4  and  5 

Main  Ballast  Tank  Blow  Systems 

Casualties 

1.  Forward  group  NORMAL 

a.  Electrical 

1  and  4 

b.  Mechanical 

1  and  4 

c.  Indication 

4 

2.  After  group  NORMAL 

a.  Electrical 

1  and  4 

fc.  Mechanical 

I  and  4 

c.  Indication 

4 

3.  Forward  group  EMERGENCY 

a.  Electrical 

2  and  3 

b.  Mechanical 

2  and  3 

c.  Emergency  flask 

2  and  4 

d.  Indication 

4 

4.  After  group  EMERGENCY 

a.  Electrical 

2  and  3 

b.  Mechanical 

2  and  3 

c.  Emergency  flask 

2  and  4 

d.  Indication 

4" 

5.  Low-pressure  blower 

a.  Electrical 

5 

b.  Mechanical 

5 

c.  Indication 

5 

6.  Diesel  engine  blow 

3 
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Subclass  E  - 
Sub-subclass 

Sub-subclass 

Subclass  F  - 

Sub-subclass 

Subclass  G  - 
Sub-subclass 

Subclass  H  - 
Sub-subclass 

Subclass  I  - 
Sub-subclass 


Main  Ballast  Tank  Vent  System 
Casualties 

1,  Vents  OPEN 

a.  Mechanical 

b.  Electrohydraulic 

c.  Indication 

2.  Vents  SHUT 

a.  Mechanical 

b.  Electrohydraulic 
c<  Indication 

Variable  Ballast  Tank  Systems 
(Excluding  Trim  Pump  and 
Hovering  System)  Casualties 

1«  a.  Mechanical 

b.  Electrical 

c.  Indication 

Hovering  System  Casualties 
(SSN-637  Class  and  SSBN’s  only) 

1,  a.  Mechanical 

b.  Electrical 

c.  Indication 

Trim  Pump  System  Casualties 
1.  a.  Mechanical 

b.  Electrical 

c.  Indication 

Negative  Tank  System  Casualties 
(SSN's  only) 

1.  a.  Mechanical 

b.  Electrohydraulic 

c.  Indication 

d.  High-pressure  air 

e.  Low-pressure  air 


Degree  of 
criticality 


4 

4 

5 

5 

5 

5 


5 

5 

5 


3-5 
3-5 
4  and  5 

3-5 
3-5 
4  and  5 


3  and  4 
3  and  4 
4 

3  and  4 

4  and  5 
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Degree  of 
criticality 

Subclass  J  -  Mast  System  Casualties 


Sub-subclass 

1. 

ECM  mast 

5 

? 

! 

Sub-subclass 

2. 

Antenna  masts 

4 

s 

Sub-subclass 

3. 

Radar  mast 

5 

i 

Sub-subclass 

4. 

Periscopes 

4  and  5 

Subclass  K  - 

Automatic  Maneuvering  Control  System 
Casualties 

4  and  5 

Subclass  L  - 

Interior  Communication  System 

Casualties 

Sub-subclass 

1. 

Alarm  systems 

. 

\ 

a.  .  Collision  alarm 

3  and  4 

i 

b.  Power  plant  emergency  alarm 

3  and  4 

1 

f 

c.  Diving/  surfacing-  alarm 

3  and  5 

d.  General  alarm 

4  and  5 

I 

Sub-subclass 

2. 

MC  systems 

a.  1,  2,  4,  and  7  MC  systems 

4 

„  ,  f 

# 

f 

b.  Other  MC  systems 

4  and  5 

Sub-subclass 

3. 

Sound-powered  telephone  circuits 

t 

* 

a.  JA,  X60J,  and  XI J  or  dial 
telephone 

3  and  4 

i 

\ 

* 

i 

< 

b.  Other  SP  circuits 

4 

t 

Subclas  s  M  - 

Snorkel  System  Casualties 

f 

Sub-subclass 

1. 

Induction  mast  system  (including 
head  valve) 

3 

i 

Sub-subclass 

2. 

Safety  circuit  and  altimeter 

3 

• 

CLASS  II  -  GENERAL,  EMERGENCIES 

Subclass  A  - 

Fire 

i 

Sub-subclass 

1. 

Class  A 

2-5 

t 

Sub -subclass 

2. 

Class  B 

2-4 

j 

Sub-subclass 

3. 

Class  C 

2-5 

t 

i 

Sub-subclass 

4. 

Oxygen  or  other  combustible  gases 

1  -  3 

O  1 
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Subclass  B  - 
Sub-subclass 
Sub-subclass 

Subclass  C  - 

,  Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub-subclass 

Sub-subclass 

Subclass  D  - 
Sub-subclass 
Sub-subclass 

Subclass  E  - 
Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub-subclass 
Sub-subclass 

CLASS  in  - 
Subclass  A  - 
Sub-subclass 
Sub-subclass 

Sub-subclass 
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Degree  of 
criticality 

Flooding 


1. 

Leakage 

4  and  5 

2. 

Flooding 

1  -  3 

Atmosphere  Control  and  Toxic-Gas - 
Contamination  Casualties 

1. 

Antipersonnel  or  war  gases 

2 

2. 

Smoke 

2 

3, 

Lack  of  oxygen 

3 

4. 

Excessive  carbon  dioxide 

3 

5. 

Excessive  hydrogen 

•  1  and  2 

6. 

Excessive  oxygen 

1  and  2 

7. 

Other  gases  or  gaseous  products  of 
decomposition 

2-4 

8. 

Teraperature/humidity 

4  and  5 

Collision/Grounding 

1. 

Surfaced 

2 

2. 

Submerged 

1  and  2 

Personnel  Casualties 

1. 

Electric  shock 

4 

2. 

Drowning 

4 

3. 

Injury  from  rotating  machinery 

4 

4. 

Injury  from  tool  use 

4 

5. 

Man  left  on  bridge  or  main  deck 

2 

6. 

Burns 

4 

POWER  PLANT  CASUALTY  EFFECTS 

■  Propulsion  System  Casualties 

1. 

One  main  engine  fails 

3  and  4 

2. 

Two  main  engines  or  bull  gear  or 
clutch  fails 

2 

3. 

Electric  propulsion  motor  (EPM) 

a.  Electrical  failure  4 


147 


APPENDIX  C 
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Sub-subclass 

Subclass  B  - 
Sub-subclass 

Subclass  C  - 
Sub-subclass 

Sub-subclass 

Sub-subclass 

Subclass  D  - 
Sub-subclass 

Sub-subclass 

Sub-subclass 

Sub-subclass 
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b.  Mechanical  failure  (armature 
will  not  rotate) 

4.  Propulsion  drive  failures 

a.  Propeller  failure 

b.  Shafting  frozen/seizure 

c.  Shafting  parted 

(1)  Forward  of  shaft  seal 

(2)  Aft  of  shaft  seal 

5,  Secondary  propulsion  motor  (SPM) 

a.  Electrical  failure 

eft  . 

b.  Hydraulically  and  mechanically 
locked  in  extended  position 

c.  Hydraulically  and  mechanically 
locked  in  the  raised  position 

Major  Steam  Leak 

1.  On  upstream  side  of  main  steam 
cutout  valve 

2.  On  downstream  side  of  main  steam 
cutout  valve 


Degree  of 
criticality 

2  and  3 


2 

2 


1  and  2 
2 


4  and  5 

3  and  4 

4  and  5 


2  and  3 
3 


Steam  Generation/Heat  Source  Casualties 

1.  Heat  source  temporary  loss  (less 

than  one  hour)  3 

2.  Heat  source  permanent  loss  (greater 

than  one  hour)  2  and  3 

3.  Failure  of  any  steam  generator  or 

its  heat  source  3 


Electric  Plant  Failures 

1.  One  ship's-service  turbine  generator 
(SSTG)  fails 

a.  One  running  3 

b.  Two  running  5 

2.  One  ship’s-service  motor  generator 
(SSMG)  fails 

3.  Lose  one  vital  bus  (MG) 

4.  Lose  two  vital  busses  (MG) 
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Sub-subclass  5. 
Sub-subclass  6. 
Sub-subclass  7. 
Sub-subclass  8. 
Sub-subclass  9. 
,  Sub-subclass  10. 


Sub-subclass  11. 


Sub-subclass  12. 


Sub-subclass  13. 

Sub-subclass  14. 

Sub-subclass  15. 
Sub-subclass  16. 


Lose  one  semivital  bus  (TG) 

Lose  two  semivital  busses  (TG) 

Lose  port  DC  bus 

Lose  starboard  DC  bus 

Lose  battery  bus 

Lose  diesel  generator -surfaced 

a.  Steam  plant  on  line 

b.  Steam  plant  secured 

Lose  diesel  generator  -  submerged 

a.  Steam  plant  on  line 

b.  Steam  plant  secured 

Lose  one  400-cps  motor  generator 

a.  One  running 

b.  Two  running 

Lose  60-cps  interior  communication 
switchboard 

Lose  400-cps  interior  communication 
switchboard 

Lose  normal  lighting 

Lose  emergency  lighting 


Design  of 
criticality 

2 

4 

4 
3 

3 

5 

4 

4 
2 

3 

5 

2 

3 

4 

2-4 
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SEQUENCE  AND  TASK  ANALYSIS 

I  -  SHIP  COMMAND  AND  CONTROL 
A  -  STERN  PLANES  FAIL  ON  DIVE 

1.  RECOGNITION 

a.  Initial  Conditions  -  Diving  o££icer  (DO)  and/or  planesman  are  cog¬ 
nizant  of  ordered  and  actual  speed,  depth,  depth  rate,  attitude,  turn 
rate,  trim,  and  hydraulic  system  status. 

b.  Detection 

(1)  Detection  of  Impending  Casualties  -  BCPO  notes  abnormal  hy¬ 
draulic  indications. 

(2)  Detection  of  Existing  Casualties  -  If  attitude  change  is  ordered,  DO 
and  planesman  note  that  the  plane  angle  indicators  do  not  respond 
or  are  erratic.  This  is  followed  by  feel  and  indicated  depth  and  at¬ 
titude  changes;  lag  will  vary  from  0.  5  to  5.  0  sec.  Other  indications 
may  be  a  hydraulic  or  electric  alarm. 

If  a  steady  state  is  desired,  the  planesman  notes  that  the  plane 
angle  indicator  is  not  consistent  with  control  position.  Both  the 
DO  and  planesman  note  erratic  indications  or  a  hydraulic  cr  elec¬ 
tric  alarm.  Both  subsequently  note  feel  and  indicated  attitude 
changes;  lag  varies  from  0.  5  to  5.  0  sec. 

c.  Verification  -  The  DO,  supported  by  detailed  SP  and  BCPO  checks, 
verifies  that  a  stern  plane  casualty  exists.  The  DO  immediately 
checks  the  emergency  stern  plane  indicator,  and  assesses  trim 
and  maneuver  effects.  Checks  by  the  DO  involve  short  delays  and 
include  checking  hydraulic  control  in  the  emergency  mode,  and 
checking  changes  in  ship’s  speed  and  attitude. 

2.  DECISION  MAKING  (DO/OOD) 

a.  Ship  Characteristics  -  Rate  of  change  and  current  values  of  speed, 
depth,-  attitude,  and  turn  and  plane  angle  are  noted. 

b.  Crew  Characteristics  -  Crew  capability,  state  of  training,  physi- 
ological/psychological  condition,  and  reaction  time  are  noted. 

c.  System  Status  -  Status  of  essential  ship  systems  is  noted.  DO  as¬ 
sesses  fairwa&er  planes,  hydraulics,  and  MBT  blow,  OOD  asses¬ 
ses  fairwater  planes,  hydraulics,  MBT  blow,  rudder,  propulsion, 
engine  telegraph  order,  1  MC  and  7  MC,  and  sound-powered 
phone. 
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d. 


P 


e. 


Recall  Appropriate  Data  -  Recall  special  instructions,  ship's 
standing  orders  and  other  constraints,  for  example,  minimum 
depth,  ice  overhead,  and  surface  ship  activity. 

Recall  Available  Courses  of  Action  -  The  available  courses  of  ac¬ 
tion  are  fairwater  planes,  fishtail  rudder  (or  hard  right  or  left), 
emergency  back,  MBT  blow,  emergency  plane  control,  manual 
plane  control,  correct  stern  plane  problem,  and  none. 


f.  Data  Collation  -  The  information  of  2a  through  2d  are  compared 
with  the  alternatives  of  2e. 

Course  of  Action  Selection  -  The  course  of  action  is  selected  from 

(_Ji 


h.  Command  Decision  -  DO  receives  direction  from  OOD  and  modi¬ 
fies  or  retains  the  decision  of  2jg. 


3.  CORRECTIVE  ACTION 

a.  Basic  Sequence  -  DO  orders  MBT  blow  and  fairwater  planes  full 
rise.  OOD  orders  speed  back  full  and  fishtail  the  rudder.  OOD 
notifies  engine  room  of  failure. 

\ 

b.  Representative  Alternative  Actions  -  Depending  on  depth,  tac¬ 
tical  situation,  and  special  instructions,  the  DO/OOD  may  elect 
to  avoid  noise  or  broaching  by  some  combination  of  delay  MBT 
blow  or  speed  change:  engines,  all  stop,  then  full  back;  rudder  - 
leave  amidship,  hard  right  or  hard  left;  flood  variable  ballast 
tanks;  cycle  MBT  vents;  and  flood  negative. 

If  the  stem  planes  fail  at  a  small  angle,  at  moderate  or  shallow 
depth,  and  low  ship  angle,  DO/OOD  may  elect  to  attempt  to  free 
the  stem  planes  and/or  use  fairwater  planes  -  rise  only. 

If  hydraulic  failure  is  indicated  and  ship  conditions  permit,  DC/ 
OOD  will  elect  to  have  planesmen  switch  hydraulics  to  emergency 
or  manual  mode  as  the  primary  initial  action. 

If  indicator  failure  only,  DO/OOD  will  elect  to  have  planesmen 
use  emergency  indicator  only.  The  DO  may  have  phones  manned 
in  engine  room  to  monitor  stem  plane  ram  indicator. 


aI£  failure  occurs  at  shallow  depth,  an  increase  in  depth  may  be  de¬ 
sirable  to  avoid  broaching. 
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4.  INFORMATION  FLOW  DIAGRAM 


DETECTION  VERIFICATION 


DECISION 


ACTION 


5.  FOLLOWON  ACTION/FEEDBACK 

a.  Results  -  Indication  of  Results  of  Initial  Action 

(1)  Operator  Response  -  Personnel  who  will  indicate  satisfactory- 
execution  of  orders  and/or  status  of  systems  for  which  they  are 
responsible  are  the  DO,  EOOW,  SP,  H,  and  BCPO/COW. 

(2)  CO  Response  -  The  CO  may,  at  his  option,  elect  to  supplement 
or  modify  the  actions  of  the  DO  or  OOD. 

(3)  Ship  Response 

(a)  Variables  of  2a  and  2c,  above. 

(b)  Trim  and  negative  tank  (hovering  system  on  SSBN's)  status. 

b.  Determine  Supplemental  Actions  Required  -  Possibilities  include 
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c.  Indication  of  Foilowon  results 


(1)  CO  Response  (Directives)  -  The  CO  may,  at  his  option  elect  to 
supplement  or  modify  the  actions  of  the  DO/OOD. 

(2)  Ship  Status  -  Foilowon  conditions  of  basic  recovery  procedure  arc 
positive  buoyancy,  decreasing  depth,  decreasing  down  angle, 
speed  -  5  knots,  and  depth  =  400  ft  (assuming  ascent  from  deeper 
depths.  )  Foilowon  conditions  of  alternate  recovery  procedures 
•are  negative  buoyancy,  increasing  depth,  decreasing  down  angle, 
and  decreasing  speed. 

d.  Determine  Action  Required  to  Complete  Recovery  -  Desired  (safe) 
operating  envelope  and  action  required  are  identified. 


Representative  action  for  completion  of  basic  recovery  procedures 
are 

1.  Secure  blow  and  adjust  trim  to  level  off 
at  desired  depth  consistent  with  tactical 
situation 

2.  Engines,  all  stop 

3.  Rudder  amidship 

Representative  action  for  completion  of  alternate  recovery  pro¬ 
cedures  are 

1.  Shut  MBT  vents 

2.  Blow  MBT 

3.  Pump  trim  tanks  to  sea 

4.  31ow  and  vent  negative  (or  hovering  tanks) 

Final  action  consists  of  rigging  for  ship  operation  within  a  safe 
operating  envelope. 

B  -  STERN  P .LANES  FAIL  ON  RISE 
l.  RECOGNITION 

a.  Initial  Conditions  -  Diving  officer  (DO)  and/or  planesmen  are  cog¬ 
nizant  of  ordered  and  actual  speed,  depth,  rise  rate,  attitude,  turn 
rate,  trim,  and  hydraulic  system  status. 

b.  Detection 

(1) '  Detection  of  Impending  Casualties  -  BGPO  notes  abnormal  hydrau¬ 
lic  indications. 
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{ 2 )  Detection  of  Existing  Casualties  -  If  attitude  change  is  ordered, 
DO  and  planesmen  note  that  the  plane  angle  indicators  show  no 
response  or  are  erratic.  This  is  followed  by  feel  and  indicated 
depth  and  attitude  changes;  lag  varies  from  0.  5  sec  to  5  sec. 

Other  indications  may  be  a  hydraulic  or  electric  alarm. 

If  a  steady  state  is  desired,  planesmen  note  that  the  plane  angle 
indicator  is  not  consistent  with  control  position.  Both  the  DO 
and  planesmen  note  erratic  indications  or  hydraulic  or  electric 
alarm.  Both  subsequently  note  ’’lee"  and  indicated  attitude 
changes;  lag  varies  from  0.  5  sec  to  5  sec. 

c.  Verification 

The  DO,  supported  by  detailed  SP  and  BCPO  checks,  verifies  that 
a  stern  plane  casualty  exists. 

DO  immediately  checks  emergency  stern  plane  indicator  and  as¬ 
sess  trim  and  maneuver  effects.  Checks  by  DO  that  involve  short 
delays  include  checking  hydraulic  control  in  the  emergency  mode 
and  checking  changes  in  ship’s  speed  and  attitude. 

2.  DECISION  MAKING  {DO  AND  OOD) 

a.  Ship  Characteristics  -  Rate  of  change  and  current  values  of  speed, 
depth,  attitude,  turn, and  plane  angle  are  noted. 

b.  Crew  Characteristics  -  Crew  capability,  state  of  training,  physi¬ 
ological/psychological  condition,  and  reaction  time  are  assessed. 

c.  System  Status  -  Status  of  essential  ship  systems  is  determined. 

DO  assesses  fairwater  planes,  hydraulics,  and  MBT  blow.  OOD 
assesses  fairwater  planes,  hydraulics,  MBT  blow,  propulsion, 
engine  telegraph  order  and  1  MC  and  7  MC  and  sound-powered 
phone. 

d.  Recall  Appropriate  Data  -  Special  instructions,  ship's  standing 
orders,  and  other  constraints,  for  example,  minimum  depth, 
ice  overhead,  and  surface  ship  activity  are  recalled. 

e.  Recall  Available  Courses  of  Action  -  Available  courses  of  action 
are  fishtail  rudder  {or  hard  right  or  left),  emergency  back,  posi¬ 
tion  fairwater  planes  for  full  dive,  emergency  plane  control, 
manual  plane  control,  and  correct  stern  plane  problem  and  none. 

f.  Data  Collation  -  Information  of  2a  through  2d  are  collated 

against  alternatives  of  2e.  . 


Course  of  Action  Selection  -  Course  of  action  is  selected  from  2£. 
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5.  FOBDOWON  ACTION/FEEDBACK 

a.  Results  -  Indications  of  Results  of  Initial  Action 

(1)  Operator  Response  -  Personnel  who  will  indicate  satisfactory  exe¬ 
cution  of  orders  and/or  status  of  systems  for  which  they  are  re¬ 
sponsible  are  the  DO,  EOOW,  SP,  H,  AND  BCPO/COW. 

(2)  CO  Response  -  The  CO  may  at  his  option  elect  to  supplement  or 
modify  the  actions  of  the  DO  or  OOD. 

(3)  Ship  Response 

(a)  Variables  of  2a  and  3  c. 

(b)  VBT  and  negative  tank  (hovering  system  on  SSBn's)  status 

b.  Determine  Supplemental  Actions  Required  -  Possibilities  include 
change  from  limited  action  of  3b  to  full  action  of  3a. 

c.  Indication  of  Foilowon  Results 

(1)  CO  Response  (Directives)  -  The  CO  may  at  his  option  elect  to  sup¬ 
plement  ox  modify  the  actions  of  DO  or  OOD. 

(2)  Ship  Status  -  Foilowon  conditions  of  basic  recovery  procedure  are 
negative  buoyancy,  stable  or  increasing  depth,  decreasing  speed, 
decreasing  up  angle,  speed  S  5  knots,  and  depth  =*  400  ft,  assum¬ 
ing  ascent  from  deeper  depths.  Foilowon  conditions  of  alternate 
recovery  procedures  are  negative  buoyancy,  stable  or  increasing 
depth,  decreasing  up  ang?:e,  decreasing  speed. 

d.  Determine  Action  Required  to  Complete  Recovery  -  Desired  (safe) 
operating  envelope  and  action  required  are  identified. 

e.  Complete  Casualty  Recovery 

Representative  action  for  completion  of  basic  recovery  procedures 
are 

1.  Adjust  trim  to  level  off  at  desired  depth  con¬ 
sistent  with  tactical  situation 

2.  Engines,  all  stop 

3.  Rudder  amidship. 

Representative  action  for  completion  of  alternate  recovery  pro¬ 
cedures  are 

1.  Adjust  trim  as  required 

2.  Blow  and  vent  negative  (or  hovering  tanks) 
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Final  action  consists  of  rigging  for  ship  operation  within  a  safe 
operating  envelope. 


C  -  FAIRWATER  PLANES  FAIL  ON  DIVE 

1.  RECOGNITION 

a.  Initial  Conditions  -  Diving  officer  {DO)  and/or  planesmen  are  cog¬ 
nizant  of  ordered  and  actual  speed,  depth,  depth  rate,  attitude,  turn 
rate,  trim,  and  hydraulic  system  status. 

b.  Detection 

(1)  Detection  of  Impending  Casualties  -  BCPO  notes  abnormal  hy¬ 
draulic  indications. 

(2)  Detection  of  Existing  Casualties  -  If  depth  change  is  ordered.  DO 
and  planesmen  note  that  the  plane  angle  indicators  do  not  respond 
or  are  erratic.  This  is  followed  by  feel  and  indicated  attitude  and 
depth  changes;  lag  varies  from  0.  5  sec  to  5.  0  sec.  Other  indica¬ 
tions  may  be  a  hydraulic  or  electric  alarm  or  an  audible  change  in 
the  noise  of  hydraulic  fluid  flow. 

If  a  steady  state  is  desired,  planesmen  note  that  the  angle  indica¬ 
tor  is  not  consistent  with  control  position.  Both  the  DO  and  planes¬ 
men  note  erratic  indications  or  hydraulic  or  electric  alarm.  Both 
subsequently  note  "feel"  and  indicated  attitude  changes;  lag  varies 
from  0.  5  sec  to  5.  0  sec.  SP  may  have  difficulty  in  reaching  and 
holding  ordered  attitude. 

c.  Verification 

The  DO,  supported  by  detailed  H  and  BCPO  checks,  verifies  that 
a  fairwater  plane  casualty  exists.  DO  immediately  checks  emer¬ 
gency  fairwater  plane  indicator  and  assesses  trim  and  maneuver 
effects.  Checks  by  DO  involve  short  delays,  checking  hydraulic 
control  in  the  emergency  mode,  and  checking  changes  in  ship's 
speed  and  attitude. 

2.  DECISION  MAKING  (DO/OOD) 

a.  Ship  Characteristics  -  Rate  of  change  and  current  values  of  speed, 
depth,  attitude,  and  turn  and  plane  angle  are  noted. 

b.  Crew  Characteristics  -  Crew  capability,  state  of  training,  physio- 
logical/psychological  condition,  and  reaction  time  arc  assessed. 

c.  System  Status  -  Status  of  essential  ship  systems  is  assessed.  DO 
assesses  stern  planes,  hydraulics,  and  MET  blow.  OOD  assesses 


stern  planes,  hydraulics,  MBT  blow,  rudder,  propulsion,  engine  j  , 

order  telegraph,  1  MC  and  7  MC,  and  sound -powered  phone.  j 

d.  Recall  Appropriate  Data  -  Special  instructions,  ship?  3  standing 

orders,  and  other  constraints,  are  recalled,  for  example,  mini-  j 

mum  depth,  surface-ship  activity,  and  ice  overhead.  j  1 

'  1 

e.  Recall  Available  Courses  of  Action  -  The  available  courses  .of  I 

action  are  stern  planes  rise,  fishtail  rudder,  emergency  back,  ij 

MBT  blow,  emergency  control,  manual  control,  correct  fair-  < 

water,  plane  problem,  and  none. 

f.  Data  Collation  -  The  information  of  2a  through  2d  are  collated 
“  against  alternatives  of  2e. 

Course  of  Action  Selection  -  Course  of  action  is  selected  from  2f. 

h.  Command  Decision  -  DO  receives  direction  from  OOD  and  mpdi- 
~  fies  or  retains  decision  of  2g. 


3.  CORRECTIVE  ACTION 

a.  Basic  Sequence  -  DO  orders  stern  planes  positioned  to  minimize 

“ '  depth  excursion  and  OOD  notifies  engine  room  of  failure. 

b.  Representative  Alternative  Actions  -  Depending  on  depth,  tactical 
—  situation,  and  special  instructions  the  DO/ OOD  may  elect  to  avoid 

noise  or  broaching  by  some  combination  of  (1)  delay  blow  MBT, 

(2)  speed  all  stop,  then  back  full;  (3)  fishtail  rudder;  and  (4)  flood 

negative. 

If  fairwater  plane  fails  at  a  small  angle,  at  moderate  or  shallow 
depth  and  low  ship  angle,  DO/ OOD  may  elect  to  attempt  to  free 
the  fairwater  planes  before  employing  the  stern  planes. 

If  hydraulic  failure  is  indicated  and  ship  conditions  permit,  DO/ 
OOD  will  elect  to  have  planesmen  switch  hydraulics  to  emergency 
or  the  manual  mode  as  the  primary  initial  action. 

If  indicator  failure  only,  DO/OOD  will  elect  to  have  planesmen 
use  emergency  indicator  only.  The  DO  may  have  phones  manned 
in  engine  room  to  monitor  fairwater  plane  ram  indicator. 
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4.  INFORMATION  FLOW  DIAGRAM 


0ETSCT10N  VERIFICATION 


DECISION  ACTION 


5.  FOLLOWON  ACTION/FEEDBACK 

a.  Results  -  Indication  of  Results  of  Initial  Action 

(1)  Operator  Response  -  Personnel  who  will  indicate  satisfactory  exe¬ 
cution  of  orders  and/or  status  of  systems  for  which  they  are  re- 
sponsible  are  the  DO,  EOOW,  H.  SP,  and  ECPO/COW. 

(2)  CO  Response  -  The  CO  may,  at  his  option,  elect  to  supplement  or 
modify  the  actions  of  the  DO  or  GOD. 

(3)  Ship  Response 

(a)  Variables  .of  2a  and  2c, 

(b)  Variable  and  negative  tank  status 

b.  Determine  Supplemental  Actions  Required  -  Possibilities  include 
change  from  limited  action  of  31b  to  full  action  of  3a. 
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c.  Indication  of  Followon  Results 

(1)  CO  Response  (Directives)  -  The  CO  may,  at  his  option,  elect  to 
supplement  or  modify  the  actions  of  the  DO/OOD. 

(2)  Ship  Status  -  Followon  conditions  of  recovery  procedure  are  slight 

change  in  buoyancy,  decreasing  depth,  decreasing  down  angle,  s 

speed  —  5  knots,  and  depth  s  400  ft  (assuming  ascent  from  deeper  -  j 

depths).  Followon  conditions  of  alternate  recovery  procedures  j 

are  positive  buoyancy,  decreasing  depth,  decreasing  speed,  and 
decreasing  down  angle. 

d.  Determine  Action  Required  to  Complete  Recovery  -  Desired  (safe) 

operating  envelope  and  action  required  are  identified.  : 

e.  Complete  Casualty  Recovery 

Representative  action  for  completion  of  recovery  procedures  is  to 
adjust  stem  planes  and  trim  to  level  off  at  desired  depth  consistent 
with  tactical  situation. 

Representative  action  for  completion  of  alternate  recovery  pro¬ 
cedures  are 

1.  Secure  blow  and  adjust  trim  to  level  off  at 
a  desired  depth  consistent  with  tactical 
situation 

2.  Engines,  all  step 

3.  Rudder  amidship 

4.  Blow  and  vent  negative  (or  hovering  tanks). 

Final  action  is  to  rig  for  ship  operation  within  a  safe  operating  en¬ 
velope. 


D  -  FAIRV/ ATER  PLANES  FAIL  ON  RISE 

1.  RECOGNITION 

a.  Initial  Conditions  -  Diving  officer  (DO)  and/or  planesmen  are  cog- 
nizant  of  ordered  and  actual  speed,  depth,  depth  rate,  attitude, 
turn  rate,  trim,  and  hydraulic  system  status. 

b.  Detection 

(1)  Detection  of  Impending  Casualties  -  BCPO  notes  abnormal  hy¬ 
draulic  indications. 

(2)  Detection  of  Existing  Casualties  -  If  depth  change  is  ordered,  DO 
and  planesmen  note  that  plane  angle  indicators  do  not  respond  or 
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are  erratic.  This  is  followed  by  feel  and  indicated  attitude  and 
depth  changes;  lag  varies  from  0.  5  sec  to  5.  0  sec.  Other  indica¬ 
tions  may  be  a  hydraulic  or  electric  alarm. 

If  a  steady  state  is  desired,  plane  smeu  note  that  the  plane  angle 
indicator  is  not  consistent  with  control  position.  Both  DO  and 
planesmen  note  erratic  indications  or  hydraulic  or  electric  alarm. 
Both  are  subsequently  followed  by  feel  and  indicated  attitude  and 
depth  changes;  lag  varies  from  0.  5  sec  to  5.  0  sec.  SP  may  have 
difficulty  in  reaching  and  holding  ordered  attitude. 

c.  Verification  -  DO  supported  by  detailed  H  and  BCPO  checks  will 
verify  that  a  fairwater  plane  casualty  exists. 

DO  immediately  checks  emergency  fairwater  plane  indicator  and 
assesses  trim  and  maneuver  effects.  Checks  by  DO  that  will  in¬ 
volve  short  delays  include  checking  hydraulic  control  in  the  emer¬ 
gency  mode  and  checking  changes  in  ship's  speed  and  attitude. 

2.  DECISION  MAKING  (DO/OOD) 

a.  Ship  Characteristics  -  Rate  of  change  and  current  values  of  speed, 

~  depth,  attitude,  turn,  and  plane  angle  are  noted. 

b.  Crew  Characteristics  -  Crew  capability,  state  of  training,  physio - 
logical/psychological  condition,  and  reaction  time  is  assessed. 

c.  System  Status  -  Status  of  essential  ship's  systems  is  assessed.  DO 
assesses  stern  planes,  hydraulics,  and  MBT  blow.  OOD  assesses 
stem  planes,  hydraulics,  MBT  blow,  rudder,  propulsion,  engine 
order  telegraph,  1  MC  and  7  MC  and  sound-powered  phone. 

d.  Recall  Appropriate  Data  -  Special  instructions,  ship's  standing 

”  orders,  and  other  constraints,  for  example,  minimum  depth,  ice 
overhead,  and  surface  ship  activity,  are  recalled. 

e.  Recall  Available  Courses  of  Action  -  The  available  courses  of 
action  are  stern  planes  dive,"  fishtail  rudder,  emergency  back, 
emergency  control,  manual  control,  correct  fairwater  plane 
problem  and  none. 

f.  Data  Collation  -  The  information  of  2a  through  Zd.  are  collated 
against  alternatives  of  2e. 

£,  Course  of  Action  Selection  -  Course  of  action  is  selected  from  2f. 

h.  Command  Decision  -  DO  receives  direction  from  OOD  and  modi¬ 
fies  or.  retains  decision  of  2%. 
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3.  CORRECTIVE  ACTION 

a.  Basic  Sequence  ••  DO  orders  stern  planes  positioned  to  minimize 
ascent,  OOD  notifies  engine  room  of  failure. 

b,  Representative  Alternative  Actions  -  Depending  on  depth,  tactical 
situation  and  special  instructions  the  DO/OOD  may  elect  to  avoid 
noise  or  broaching  by  some  combination  of  (1)  delay  speed  re¬ 
versal,  (2)  engines  sli  stop,  then  back  full,  (3)  fishtail  rudder, 

(4)  flood  VBT,  ana  (5)  flood  negative.  If  fairwater  plane  fails  at 

a  small  angle,  at  a  moderate  or  shallow  depth  and  low  angle,  DO/ 
OOD  may  elect  to  attempt  to  free  the  fairwater  planes  before  em¬ 
ploying  stern  planes. 

If  hydraulic  failure  is  indicated  and  ship  conditions  permit,  DO/ 
OOD  will  elect  to  have  planesmen  switch  hydraulics  to  emergency 
or  manual  mode  as  the  primary  initial  action. 

If  indicator  failure  only,  DO/OOD  elects  to  have  planesmen  use  the 
emergency  indicator  only.  The  DO  may  have  phones  manned  in  the 
engine  room  to  monitor  fairwater  plane  ram  indicator. 

4.  INFORMATION  FLOW  DIAGRAM 


P£  TECT10W  VERJFICATfCM 
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-  .  | 
5.  FOLLOWON  ACTION/FEEDBACK  *  j 

a.  Results  -  Indication  of  Results  of  Initial  Action 

(1)  Operator  Response  -  Personnel  who  will  indicate  satisfactory  exe-  j 

cution  of  orders  and/or  status  of  systems  for  which  they  are  re¬ 
sponsible  are  the  DO,  EOOW,  H,  SP,  and  BCPO/COW. 

(2)  CO  Response  -  The  GO  may,  at  his  option,  elect  to  supplement  or 

modify  the  actions  of  the  DO  or  OOD.  ‘ 

(3)  Ship  Response 

i 

(a)  Variables  of  2a  and  2c. 

(b)  Trim  and  negative  tank  (hovering  system  on  SSBN’s)  status. 

b.  Determine  Supplemental  Actions  Required  -  Possibilities  include 
**  change  from  limited  action  of  3b  to  full  action  of  3a. 

c.  Indication  of  Followon  Results 

(1)  CO  Response  (Directives)  -  The  CO  may,  at  his  option,  elect  to 

supplement  or  modify  the  actions  of  the  DO/OOD.  ? 

(2)  Ship  Status  -  Followon  conditions  of  recovery  procedures  are  de¬ 
creasing  depth,  decreasing  speed,  decreasing  up  angle,  slight 
change  in  buoyance,  speed  £  5  knotc.  and  depth  ==400  ft  (assuming 
ascent  from  deeper  depths).  Followon  conditions  of  alternate  re¬ 
covery  procedures  are  negative  buoyancy,  increasing  depth,  de¬ 
creasing  speed,  and  decreasing  up  angle. 

d.  Determine  Action  Required  to  Complete  Recovery  -  Desired  (safe) 
operating  envelope  and  action  required  are  identified. 

e.  Complete  Casualty  Recovery 

Representative  action  for  completion  of  recovery  procedure  is  to 
adjust  stem  planes  and  trim  to  level  off  at  a  desired  depth  consist¬ 
ent  with  tactical  situation. 

Representative  action  for  completion  of  alternate  recovery  proce¬ 
dures  are  (1)  adjust  trim  to  level  off  at  a  desired  depth  consistent 
with  tactical  situation,  (2)  engines  all  stop,  (3)  rudder  amidship, 

(4)  vent  VBT,  and  (5)  blow  and  vent  negative.  Final  action  is  to 
rig  for  ship  operation  within  a  safe  operating  envelope. 
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E  -  RUDDER  FAILURE 

1.  RECOGNITION 

a.  Initial  Conditions  -  Diving  officer  (DO)  and/or  helmsman  are  cog¬ 
nizant  of  ordered  and  actual  speed,  depth,  depth  rate,  attitude, 
turn  rate,  trim,  hydraulic  system  status,  and  the  navigational  and 
tactical  situation. 

b.  Detection 

(1)  Detection  of  Impending  Casualties  -  BCPO  notes  abnormal  hy¬ 
draulic  indications. 

(2)  Detection  of  Existing  Casualties  -  If  course  (turn)  change  is  or¬ 
dered,  DO  and  helmsman  note  that  rudder  angle  indicators  do  not 
respond  or  are  erratic.  This  is  followed  by  feel  and  indicated 
course  and  attitude  changes;  lag  will  vary  from  0.  5  to  5.  0  sec. 
Other  indications  may  be  a  hydraulic  or  electric  alarm. 

If  a  steady  state  is  desired,  helmsman  notes  that  the  rudder  angle 
indicator  is  not  consistent  with  control  position.  Both  the  DO  and 
helmsman  note  erratic  indications  or  a  hydraulic  or  electric  alarm. 
Both  subsequently  note  feel  and  indicated  course  and  attitude 
changes;  lag  varies  from  0.  5  to  5.  0  sec. 

c.  Verification  -  The  DO,  supported  by  detailed  helmsman  and  BCPO 
checks,  verifies  that  a  rudder  casualty  exists.  DO  immediately 
checks  emergency  rudder  position  indicator  and  assesses  trim  and 
maneuver  effects. 

Checks  by  DO  that  will  involve  short  delays  include  checking  hy¬ 
draulic  control  in  the  emergency  mode  and  checking  changes  in 
ship’s  speed,  depth,  and  course. 

2.  DECISION  MAKING  (DO/OOD) 

a.  Ship  Characteristics  -  Rate  of  change  and  current  values  of  speed, 
depth,  attitude,  and  turn  and  rudder  angle  are  noted. 

b.  Crew  Characteristics  -  Crew  capability,  state  of  training,  physio  - 
logical/psychological  condition,  and  reaction  time  are  assessed. 

c.  System  Status  -  Status  of  essential  ship  systems  are  assessed. 

DO  assesses  stern  planes,  fairwater  planes,  hydraulics,  MBT 
blow.  OOD  assesses  stem  planes,  fairwater  planes,  hydraulics, 
MBT  blow,  propulsion,  engine  order  telegraph,  1  MC  and  7  MC, 
and  scund-powered  phone. 

d.  Recall  Appropriate  Data  -  Recall  special  instructions,  ship’s 
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standing  orders  and  other  constraints,  for  example,  minimum  depth, 
ice  overhead,  and  surface-ship  activity. 

e.  Recall  Available  Courses  of  Action  -  The  available  courses  of  ac- 
tion  are  stern  plane  maneuvering,  engines,  all  stop,  emergency 
control,  correct  rudder  problem,  and  none. 

L  Data  Collation  -  The  information  of  2a  through  2d^  are  collated 
against  alternatives  of  2e. 

jj.  Course  of  Action  Selection  -  Select  Course  of  action  is  selected 
from  2f. 

fc.  Command  Decision  -  DO  receives  direction  from  OOD  and  modi¬ 
fies  or  retains  decision  of  2g. 

3.  CORRECTIVE  ACTION 

a.  Basic  Sequence  -  DO  orders  speed  change  and  stern  planes  used  to 
minimize  coxtrse  change,  ascent,  and  roll.  OOD  notifies  engine 
room  of  failure. 

b.  Representative  Alternative  Actions  -  Depending  on  depth,  tactical 
situation,  and  special  instructions,  the  DO/OOD  may  elect  to  avoid 
noise  or  broaching  by  some  combination  of  (i)  delay  use  of  stern 
planes,  {2}  delay  speed  stop,  (3)  flood  VBT,  and  (4)  utilize  FWP  to 
minimize  depth  changes.  If  rudder  fails  at  a  small  angle,  at  a  mod¬ 
erate  or  shallow  depth  or  low  ship  angle,  DO/OOD  may  elect  to  at¬ 
tempt  to  free  the  rudder  before  employing  the  stern  planes. 

If  hydraulic  failure  is  indicated  and  ship  conditions  permit,  DO/ 

OOD  will  elect  to  have  helmsman  switch  hydraulics  to  emergency 
(emergency  positioning  pump,  stern  plane  emergency  positioning 
system,  vital  hydraulic  system)  mode  as  the  primary  initial  action. 

If  indicator  failure  only,  DO/OOD  will  elect  to  have  helmsmen  use 
emergency  indicator  only.  The  DO  may  have  phones  manned  in  the 
engine  room  to  monitor  rudder  ram  indicator. 

4.  INFORMATION  FLOW  DIAGRAM 
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DECISION  ACTION 


5.  FOLLOWON  ACTION/FEEDBACK 

a.  Results  -  Indication  of  Results  of  Initial  Action 

(1)  Operator  Response  -  Personnel  who  will  indicate  satisfactory  exe¬ 
cution  of  orders  and/or  status  of  systems  for  which  they  are  re¬ 
sponsible  are  the  DO.  EOCW,  N.  SP.  and  BCPO/COW. 

(2)  CO  Response  -  The  CO  may,  at  his  option,  elect  to  supplement  or 
modify  the  actions  of  the  DO  or  OOD. 

(3)  Ship  Response 

(a)  Variables  of  2a_  and  2c. 

(b)  Trim  and  negative  tank  {hovering  system  on  SSBN’s)  status. 

b.  Determine  Supplemental  Actions  Required  -  Possibilities  include 
change  from  limited  action  of  3b  to  full  action  of  3a. 

c.  Indication  of  Followon  Results 

(1)  CO  Response  (Directives)  -  The  CO  may,  at  his  option,  elect  to 
supplement  or  modify  the  actions  of  the  DO/GOD. 

(2)  Ship  Status  -  Followon  conditions  of  basic  recovery  procedure  are 
light  change  of  buoyancy,  stable  or  increasing  depth,  decreasing 
speed,  decreasing  up  angle,  speed  ^  5  knots,  and  depth  =:  400  ft 
(assuming  ascent  from  deeper  depth).  Followon  condition  of  alter 
nate  recovery  procedures  are  negative  buoyancy,  stable  or  in¬ 
creasing  depth,  decreasing  up  angle,  and  decreasing  speed. 

d.  Determine  Action  Required  to  Complete  Recovery  -  Identify  de¬ 
sired  (safe)  operating  envelope  and  identify  action  required. 
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e.  Complete  Casualty  Recovery  -  Representative  action  for  comple¬ 
tion  of  basic  recovery  procedures  are  (1)  to-adjust  trim  to  level 
off  at  desired  depth  consistent  ■with  tactical  situation  and  (2)  en¬ 
gines,  all  stop.  Representative  action  for  completion  of  alternate 
recovery  procedures  is  to  adjust  trim  as  required.  Final  action 
is  to  rig  for  ship  operation  within  a  safe  operating  envelope. 


H  -  GENERAL  EMERGENCY 

A  -  FIRE  -  OPERATIONS  COMPARTMENT,  MISSILE  COMPARTMENT, 
AND  BOW  COMPARTMENT 

1.  RECOGNITION 

a.  Initial  Conditions  -  The  submarine  is  assumed  to  be  operating  at 
deep  depth.  Speed  is  8  to  15  knots.  Buoyancy  ie  slightly  positive. 

b.  Detection 

(1)  Detection  of  Impending  Casualties 

(a}  Indicated  or  Felt  High  Temperature  -  Power  distribution  boxes, 
panels  and  switchboards;  fans  and  heaters;  pump  bearings;  lube 
and  hydraulic  oil:  hydraulic  pumps;  washing  machines,  dryers, 
fry  kettle,  ranges  and  miscellaneous  mess  or  galley  equipment; 
and  control  panels  of  electronic  equipment. 

(b)  Abnormal  Operation  of  Equipment 

(c«  Water  Leakage-  or  Flooding  -  Power  distribution  boxes,  panels  or 
switchboards;  control  panels;  pump  motors;  fans  or  heaters;  elec¬ 
trical  appliances. 

{2}  Detection  of  Existing  Casualties  -  Fire  is  detected  visually  and  by 
smell  by  local  personnel  and  watchstanders  in  the  various  rooms, 
spaces,  and  stations.  OOD  receives  word  via  4  MC,  7  MG,  or 
sound -powered  phenes. 

1,  Ship  control  watches  at  periscope  center,  diving 
station,  BCP,  attack  center,  navigation  center, 
sonar  room,  radio  room,  and  control  room. 

2,  Engineering  watches  at  control  room, 

3,  Weapons  watches  at  torpedo  room,  missile  con¬ 
trol  center,  and  missile  compartment. 


i 

* 

I 

i 

i 


i 

t 


f 


>  J 


168 


NAV1RADEVCEN  1813-1 


APPENDIX  D 


4.  Special  watches  at  galley,  scullery,  ship's  office, 
pantry,  control  room/sick  bay,  nucleonics  labora¬ 
tory,  and  supply  office. 


c.  Verification  -  Watchstanders  make  visual  and/or  tactual  checks. 


2.  DECISION  MAKING 


a.  Local  Personnel 


(1)  Note  location,  specific  equipment  involved  and  type  of  fire. 


{2}  Note  status  and  function  of  affected  and  adjacent  equipment. 


(3)  Note  rate  of  combustion  and  location  of  fire  extinguishers. 


(4)  Recall  available  courses  of  action:  {1}  shutdown  affected  and  ad¬ 
jacent  equipment;  (2)  request  additional  help;  and  {3)  use  extin¬ 
guisher  agents  -  CO^,  high  velocity  fog,  and  water  stream. 


(5)  Collate  the  information  of  2a(i)  through  2aj{3)  against  alternatives 
of  2a(4), 


(6)  Select  the  course  of  action. 


(7)  OOD  receives  direction  from  EOOW  or  OOD  and  modifies  or  re¬ 
tains  decision. 


b.  EOOW 


(1)  Note  information  of  2a(l)  through  2&(3)  and  2a{6)  as  reported  by 
local  personnel. 


(2)  Estimate  effect  of  fire  and  local  corrective  action  on  electrical, 
control,  navigation,  radar/sonar,  and  weapon  systems. 


(3)  Estimate  effect  of  fire  and  corrective  action  on  ship's  atmosphere. 


(4)  Assess  status  of  ship  systems. 


(5)  Recall  available/mandatory  courses  of  action:  (!)  supervisory 
functions:  ensure  proper  execution  of  2a{4)  and  ensure  use  of 
EBS/OBA;  (2)  evacuate  compartment  of  nonwatchstanding  per¬ 
sonnel  and/or  all  personnel;  (3)  isolate  compartment,  includes 
vent  closure;  {4)  change  lineup  of  equipment;  and  (5)  measures 
taken  for  personnel  protection  and  system  control  i£  fire  is  in 
ship  control  center. 
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c.  OOD/DO 

(1)  Note  current  speed,  depth,  attitude,  and  trim. 

(2)  Assess  crew  capability,  state  of  training,  physiological/psycho- 
logical  condition  and  reaction. 

{3}  Assess  status  of  essential  ship's  systems;  for  example,  planes  and 
rudder,  hydraulics,  propulsion,  electrical,  rig  of  oil  systems,  and 
rig  of  piping  and  ventilation  systems. 

(4)  Recall  special  instructions,  ship's  standing  orders  and  other  con¬ 
straints;  for  example,  minimum  depth,  ice  overhead,  and  surface 
ship  activity. 

{5)  Recall  available/mandatory  courses  of  action;  for  example,  change 
of  depth,  change  of  speed,  rig  for  reduced  electrical  power,  notify 
ship's  in  vicinity,  isolate  ventilation  systems,  prepare  for  surfacing, 
and  secure  oxygen  bleed. 

(6)  Evaluate  courses  of  action  taking  into  account  the  seriousness  of 
the  fire  and  readiness  to  meet  a  subsequent  casualty  which  may  re¬ 
sult  from  the  fire. 

(7)  Select  the  course  of  action  from  2cj[5)  and  2c£6). 

{8)  OOD  receives  information  from  EOQW  and  DO  and  direction  from 
CO  and  XO.  He  may  then  be  required  to  modify  his  decision. 


3.  CORRECTIVE  ACTION 
a.  Basic  Sequence 
(l)  Local  Personnel 

(a)  Shut  down  affected  and  adjacent  equipment  where  local  control  if 
feasible.  Request  assistance  in  securing  equipment  which  is  re¬ 
motely  controlled  or  not  accessible  because  of  the  fire.  Electrical 
isolation  should  be  accomplished  at  the  nearest  accessible  panel 
or  switchboard. 

(b)  Apply  dry  chemical  fire  extinguisher  for  controllable  electrical, 
grease,  or  oil  fires  that  are  accessible.  If  inaccessible,  use  the 
C02  extinguisher. 

(cj  Request  assistance  and  use  high  pressure  fog  if  fire  is  not  control¬ 
lable  by  3aj[l}{b}. 

(d)  Use  the  EBS/OBA  if  fire  becomes  large. 
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(2)  COOW 

(a)  Pass  the  word  via  voice  to  CX>D  and  DO. 

(b)  Proceed  to  scene  and  take  charge  of  fire  fighting  action. 

l 

(c)  Ensure  that  affected  compartment  is  isolated. 

(d)  Call  for  emergency  assistance  as  required. 

(e)  Evacuate  all  nonwatchstanding  personnel  unless  required  at  the 
scene. 

(f)  Order  EBS/OBA  used  as  required. 

(g)  Keep  maneuvering  and  control  informed  of  status. 

(3)  OOD/DO 

(a)  Pass  the  word  over  the  1  MC  and  sound  the  general  alarm. 

(b)  Order  ship  to  minimum  depth  consistent  with  tactical  situation. 

(c)  Order  speed  changed  or  maintained  at  8  to  15  knots. 

(d)  Ensure  all  hands  action  is  completed  in  accordance  with  general 
emergency  and  casualty  control  bill. 

(e)  Inform  ships  in  the  immediate  vicinity  as  necessary. 

(f)  Shut  outboard  and  inboard  inductions  and  ventilation  exhaust  valves. 

(g)  Secure  snorkeling  if  necessary, 

(h)  Be  prepared  to  surface. 

b.  Alternate  Action  -  If  a  fire  occurs  in  the  controls  and  monitoring 
circuits  within  the  operation  (control)  room,  or  if  control  panels 
cannot  be  manned  due  to  local  fire  conditions,  it  may  be  necessary 
to  shift  controls  to  local  operating  stations  where  possible. 
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4,  INFORMATION  FLOW  DIAGRAM 
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5.  FOLLOWON  ACTION/FEEDBACK 

a.  Resvilts  -  Indication  of  Results  of  Initial  Action 

(1)  Local  personnel  observations  are  (1)  status  of  fire;  success  in  lo¬ 
calization  and  control;  (2)  risk  of  fire  spreading  or  reflashing; 

(2)  completeness  of  electrical  equipment  isolation;  (4)  effects  of 
damage  and  isolation  on  other  systems;  and  (5)  atmospheric  con¬ 
tamination  (smoke). 

(2)  Missile  compartment/torpedo  room  watches  are  (1)  reports  of  local 
personnel  of  5a(l);  and  (2)  effects  on  personnel. 

(3)  Control  room  includes  (1)  reports  on  local  and  missile  compart - 
ment/fcorpedo  room  observation;  and  (2)  ship  status  -  depth,  speed, 
and  attitude. 

b.  Determine  Supplement  Actions  Required  -  Same  as  5a (2)  and  5a_{3). 

c.  Indication  of  Followon  Results  -  Same  as  5a. 

d.  Determine  Action  Required  to  Complete  Recovery  -  Identify  de¬ 
sired  safe  operating  envelope  and  identify  action  required. 

e.  Complete  Casualty  Recovery 


(1)  Local  personnel  includes  COW,  OOD,  DO,  and  damage  control 
party,  if  required,  to  (1)  inspect  locus  of  fire  to  ensure  material 
equipment  is  below  the  flash  point;  (2)  commence  emergency  ven¬ 
tilation  if  required;  (3)  inspect  secured  equipment  for  damage  and 
presence  of  combustible  materials;  (4)  restore  equipment  to  opera¬ 
tion  when  safe  to  do  so;  and  (5)  lineup  and  secure  fire  fighting  equip¬ 
ment  upon  orders  from  control  restore  normal  ventilation. 

(2)  Control  Room 

(a)  Order  emergency  ventilation  of  involved  area,  if  required. 

(b)  Order  fire  fighting  equipment  and  personnel  protection  equipment 
secured. 

(c)  Order  depth,  speed,  trim,  etc.  to  operate  ship  within  3afe  opera¬ 
ting  envelope  consistent  with  damage  and  tactical  situation. 


B  -  FIRE  -  AUXILIARY  MACHINE  ROOM  NO.  1  AND  2  AND  REACTOR 
COMPARTMENT 

I.  RECOGNITION 

a.  Initial  Conditions  -  The  submarine  is  assumed  to  be  operating  at 
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deep  depth*  Speed  is  8  to  15  knots.  Buoyancy  is  slightly  positive. 

b.  Detection 

(1)  Detection  of  Impending  Casualties 

(a)  Indicated  or  Felt  High  Temperature  -  Pump  bearings,  lube  and  hy¬ 
draulic  oil,  hydraulic  pumps,  and  control  panels, 

(b)  Abnormal  Operation  of  Equipment  -  Low  fluid  levels  in  heated  tanks. 

(c)  Water  Leakage  or  Flooding  -  Pump  motors,  control  panels,  power 
distribution  boxes,  panels  or  switchboards,  and  fans  or  heaters.  " 

(2)  Detection  of  Existing  Casualties  -  Fire  is  detected  visually  and  by 
smell  by  local  personnel  and  watchstanders;  for  example,  EOOW/ 
EPOOW,  auxiliary  electrical  aft;  engine  room  supervisor.  EOOW 
and  OOD  receive  word  via  4  MC. 

c.  Verification  -  Watchstanders  make  visual  and  tactual  checks  and 
EOOW  will  make  confirmatory  checks. 


2.  DECISION  MAKING 

a.  Local  Personnel 

(1)  Note  location,  specific  equipment  involved  and  type  of  fire. 

(2)  Note  status  and  function  of  affected  and  adjacent  equipment. 

(3}  Note  rate  of  combustion  and  location  of  fire  extinguishers. 

(4)  Recall  available  courses  of  action:  (1)  shut  down  affected  and  ad¬ 
jacent  equipment;  (2)  request  additional  help;  (3)  use  extinguisher 
agents:  dry  chemical,  CO^,  high  velocity  fog,  and  water  stream. 

(5)  Collate  the  information  of  2aj[l}  and  2a{3)  against  alternatives  of 
2a{4). 

(6)  Select  the  course  of  action. 

(7)  OOD  receives  direction  from  EOOW/electrical  officer  and  modi¬ 
fies  or  retains  decision. 

b.  EOOW  /Engineering  Officer 

(1)  Note  information  of  2a(l)  through  2a(3)  and  2a  (6)  as  reported  by 
local  personnel. 

(2)  Estimate  effect  of  fire  and  local  corrective  action  on  propulsion, 
electrical,  and  hydraulic  systems. 
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(3}  Estimate  effect  of  fire  and  corrective  action  on  ship’s  atmosphere. 

(4)  Assess  status  of  ship  systems. 

(5)  Recall  available/mandatory  courses  of  action:  (l)  supervisory  func¬ 
tions;  for  example,  ensure  use  of  EBS/OBA;  (2)  evacuate  compart¬ 
ment  of  nonwatchstanding  personnel  and/or  all  personnel;  (3)  iso¬ 
late  compartment  -  includes  vent  closure;  (4)  change  lineup  of 
equipment;  and  (5)  measures  to  be  taken  for  personnel  protection. 

c.  OOD/DO 

(1)  Note  current  speed,  depth,  attitude,  and  trim. 

(2)  Assess  crew  capability,  state  of  training,  physiological/psycho- 
logical  condition,  and  reaction  time. 

(3)  Assess  status  of  essential  ship's  systems;  for  example,  planes 
and  rudder,  hydraulics,  propulsion,  electrical,  rig  of  oil  systems, 
and  rig  of  piping  and  ventilation  system. 

(4)  Recall  special  instructions,  ship's  standing  orders,  and  other  con¬ 
straints;  for  example,  minimum  depth,  ice  overhead,  and  surface 
ship  activity. 

(5)  Recall  available / mandatory  courses  of  action;  for  example,  change 
depth,  change  speed,  rig  for  reduced  electrical  power,  notify  ships 
in  vicinity,  isolate  ventilation  systems,  prepare  for  surfacing,  and 
secure  oxygen  bleed. 

(6)  Evaluate  courses  of  action  taking  into  account  seriousness  of  the 
fire  and  readiness  to  meet  a  subsequent  casualty  that  may  result 
from  the  fire. 

(7)  Select  the  course  of  action  from  2cj(5)  and  2cj(6). 

(8)  OOD  receives  information  from  EQOW  and  DO  and  direction  from 
CO  and  XO.  He  may  then  be  required  to  modify  his  decision. 


f  J, 


3.  CORRECTIVE  ACTION 
a.  Basic  Sequence 
(1)  Local  Personnel 

(a)  Shut- down  affected  and  adjacent  equipment  where  local  control  is 
feasible.  Assistance  is  requested  in  securing  equipment  that  is 
remotely  controlled  or  not  accessible  because  of  the  fire.  Elec¬ 
trical  equipment  is  isolated  to  the  nearest  accessible  panel  or 
switchboard. 


175 


NAVTRAOEVCEN  1(13-1 

APPENDIX  D  _ _ 

(b)  For  controllable  electrical  or  oil  fires  that  are  accessible  apply 
dry  chemical  fire  extinguisher.  If  inaccessible,  use  the  C02  ex¬ 
tinguisher. 

(c)  If  fire  is  not  controllable  by  3a^i)(fc),  request  assistance  and  use 
the  high  pressure  fog. 

(d)  If  fire  is.  or  becomes,  large  the  EBS/OBA  must  be  used. 

(2)  ECOW/Engineering  Officer 

(a)  Pass  the  word  via  the  2  MC  system  to  engineering  compartment 
personnel. 

(b)  Proceed  to  scene  and  take  charge  of  fire  fighting  action. 

(c)  Ensure  that  affected  compartment  is  isolated. 

(d)  If  pressurization  of  trim  system  is  required,  inform  control  prior 
to  pressurizing  the  main.  This  will  be  necessary  if  fire  is  fought 
using  water. 

(e>  Evacuate  all  nonwatchstanding  personnel  unless  required  at  the 
scene. 

(f)  Order  EBS/OBA  used  as  required. 

(gj  Keep  maneuvering  and  control  informed  of  status. 

(3)  OOD/DG 

(a)  Pass  the  word  via  1  MC  system  and  sound  the  general  alarm. 

(b)  Order  ship  to  minimum  depth  consistent  with  the  tactical  situation. 

(c)  Order  speed  changed  or  maintained  at  8  to  15  knots. 

(d)  Ensure  that  all-hands  action  is  completed  in  accordance  with 
general  emergency  and  casualty  con*  -ol  bill. 

{e)  Inform  ships  in  the  immediate  vicinity  as  necessary. 

(f)  Shut  outboard  and  inboard  induction  and  ventilation  exhaust  valves. 

(g)  If  8norkeling,  secure  snorkeling. 

(h)  Be  prepared  to  surface. 

(i)  Ensure  that  sound  powered  phones  are  manned  and  that  proper  use 
is  being  made  of  phone  circuits. 
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5.  FOLLOWON  ACTION/FEEDBACK 

a.  Results  -  Indication  of  Results  of  Initial  Action 

(1)  Local  personnel  (includes  EOOW  or  electrical  officer)  observations. 

(a)  Status  of  fire:  success  in  localization  and  control 

(b)  Risk  of  fire  spreading  or  reflashing:  presence  of  hydraulic  fluid 
spillage/ spray  of  lube  oil 

(c)  Completeness  of  electrical  equipment  isolation 

(d)  Effects  of  damage  and  isolation  on  other  systems 

(e)  Atmospheric  contamination  (smoke) 

(2)  Control  Room 

(a)  Reports  of  local  observations 

(b)  Ship  status:  depth,  speed,  attitude 

b.  Determine  Supplemental  Actions  Required  -  Same  as  5a(l)  and  5a_(2). 

c.  Indication  of  Followon  Results  -  Same  as  5a. 

d.  Determine  Action  Required  to  Complete  Recovery  -  Identify  de¬ 
sired  safe  operating  envelope  and  identify  action  required. 

a,  Complete  Casualty  Recovery 

(1)  Local  personnel  (includes  electrical  officer  and  aft  damage  control 
party  if  required) 

(a)  Inspect  locus  of  fire  to  ensure  temperature  of  material  and  equip¬ 
ment  is  below  flash  point. 

(b)  Commence  emergency  ventilation  if  required. 

(c)  Inspect  secured  equipment  for  damage  and  presence  of  combustible 
materials, 

(d)  Restore  equipment  to  operation  when  safe  to  do  so. 

(e)  Upon  orders  from  control,  restore  normal  ventilation  lineup  and 
secure  fire-fighting  equipment. 

(2)  Control  Room 

(a)  Order  emergency  ventilation  of  affected  compartment,  if  required. 
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(b)  Order  fire -fighting  equipment  and  personnel  protection  equipment 
secured. 

(c)  Order  depth,  speed,  trim,  etc. ,  to  operate  ship  within  a  safe  op¬ 
erating  envelope  consistent  with  damage  and  tactical  situation 
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C  -  FIRE  -  ENGINE  ROOM 
1.  RECOGNITION 

a.  Initial  Conditions  -  The  submarine  is  assumed  to  be  operating  at 
deep  depth,  Speed  is  8  to  1 5  knots.  Buoyancy  is  slightly  positive. 

b.  Detection 

(1)  Detection  of  Impending  Casualties 

(a)  Indicated  or  Felt  High  Temperature  -  Pump  bearings,  overheated 
paint  on  steam  lines,  lube  and  hydraulic  oil,  and  hydraulic  pumps. 


{main  lube  oil  stowage,  lube  oil  stowage  settling,  reserve  hydraulic 
oil). 


ship-service  load  center,  and  electrical  distribution  panels. 

(2)  Detection  of  Existing  Casualties 

{a)  Fire  is  detected  visually  and  by  smell  by  engine  compartment 
watchstanders;  for  example,  EOOW/EPOOW,  SPCF,  EPCPO, 
RPCPO,  auxiliary  electrical  aft,  engine  room  supervisor,  ERXJL 
watch,  and  ERLL  watch. 

(b)  Alarms  may  be  heard  as 

Low  pressure  -  main  lube  oil,  shaft  lube  oil,  engine  room  ASY/, 
and  SSTG  lube  oil. 

High  temperature  -  main  iube  oil  stowage  (settling  tank}. 

(c)  EQOW  and  OOD  will  receive  word  via  4-MC  system. 

c.  Verification  -  ERLL  will  make  tactual  checks  of  lube  and  hydraulic 
tanks  that  may  emit  smoke  iu  ERLL  and  EOOW  will  make  confirma¬ 
tory  checks. 

2.  DECISION  MAKING 
a.  Local  Personnel 

(1)  Note  location,  specific  equipment  involved,  and  type  of  fire. 

(2)  Note  status  and  function  of  affected  and  adjacent  equipment. 

” )  Note  rate  of  combustion  and  location  of  fire  extinguishers. 
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(4)  Recall  available  courses  of  action. 

(a)  Shut  down  affected  and  adjacent  equipment. 

(b)  Request  additional  help. 

(c)  Use  extinguisher  agents:  dry  chemical,  CC>2»  high  velocity  fog, 
water  stream. 

(5)  Collate  the  information  of  2a{l)  through  2a (3)  against  alternatives 
of  2a(4). 

(6)  Select  course  of  action. 

(?)  Receive  direction  from  EOOW/eiectrical  officer  and  modify  or  re¬ 
tain  decision. 

bs  EOOW/Engineering  Officer 

{1}  Note  information  of  2aj[l)  through  2a(2j  and  2a(6)  as  reported  by 
local  personnel. 

(2)  Estimate  effect  of  fire  and  local  corrective  action  on  propulsion, 
electrical,  and  hydraulic  systems. 

{3}  Estimate  effect  of  fire  and  corrective  action  on  ship' 8  atmosphere. 

(4)  Assess  status  of  ship  systems. 

(5}  Recall  available/mandatory  courses  ox  action. 

(a)  Supervisory  functions,  for  example,  ensure  use  of  EBS/OBA. 

(b)  Evacuate  compartment  of  r.onwatchstanding  personnel  and/or  all 
personnel. 

(c)  Isolate  compartment;  includes  vent  closure, 

(d)  Change  lineup  of  equipment. 

(e)  Sound  power-plant  emergency  alarm. 

{£}  Determine  means  of  p3rsonnel  protection  and  system  control  if 
fire  is  in  maneuvering  room. 

(gj  General  emergency  actions;  for  example,  secure  battery  charge, 
secure  diesel  engine,  shut  outboard  and  inboard,  engine  snorkel 
exhaust  valves,  and  place  a  second  SSMG  and  SSXG  on  the  line  and 
be  ready  to  answer  any  bell  on  the  main  engines. 


c. 


OOB/DO 
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(1 )  Note  current  speed,  depth,  attitude,  and  trim. 

{2}  Assess  crew  capability,  state  of  training,  physiological/ psycho¬ 
logical  condition,  and  reaction  time. 

(3)  Assess  status  of  essential  ship’s  systems,  for  example,  planes 
and  rudder,  hydraulics,  propulsion,  electrical  system,  rig  of  oil 
systems,  and  rig  of  piping  and  ventilation  systems. 

(4)  Recall  special  instructions,  ship’s  standing  orders  and  other  con¬ 
straints,  for  example,  minimum  depth,  ice  overhead,  and  surface 
ship  activity. 

(5)  Recall  availafcle/mandatory  courses  of  action,  for  example,  change 
depth,  change  speed,  rig  for  reduced  electrical  power,  notify  ships 
in  vicinity,  isolate  ventilation  systems,  prepare  for  surfacing,  and 
secure  oxygen  bleed. 

(6)  Evaluate  courses  of  action,  taking  into  account  seriousness  of  the 
fire  and  readiness  to  meet  a  subsequent  casualty  that  may  result 
from  the  fire. 

(7)  Select  the  course  of  action  from  2c{5)  and  2cj6). 

(8)  OOD  receives  information  from  EOOW  and  DO  and  direction  from 
CO  and  XC.  He  may  then  be  required  to  modify  his  decision. 


3.  CORRECTIVE  ACTION 
a.  Basic  Sequence 


(I)  lr-ral  Personnel 

(a)  Shut  down  affected  and  adjacent  equipment  where  local  control  is 
feasible.  Request  assistance  in  securing  equipment  that  is  re¬ 
motely  -controlled  or  not  accessible  because  of  the  fire.  Isolate 
electrical,  equipment  at  she  nearest  accessible  panel  or  switch¬ 
board. 

(b)  For  controllable  electrical  or  oil  fires  that  are  accessible,  apply 
dry  chemical  firs  extinguisher.  If  inaccessible,  use  the  CO2  ex¬ 
tinguisher.  ; 

{e>  If  fire  is  not  controllable  by  3a(l  }{b),  request  assistance  and  use 
the  high  pressure  fog. 

(d)  If  fire  is,  or  becomes,  large  the  r'BS/GBA  must  be  tssed. 
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(2)  EOOW/Engineering  Officer 

(a)  Pass  the  word  via  2  MG  to  engineering  compartment  personnel. 

(b)  Proceed  to  scene  and  take  charge  o£  fire-fighting  action. 

(c)  Ensure  that  affected  compartment  is  isolated. 

(d)  Call  for  emergency  assistance  as  required, 

(e)  Change  power  plant  and  electrical  system  linup  to  ensure  most  re¬ 
liable  operation. 

(f)  If  pressurization  of  trim  system  is  required,  inform  control  prior 
to  pressurizing  the  main.  This  will  be  necessary  if  fire  is  to  be 
fought  using  water. 

{g}  Evacuate  all  nonwatchstanding  personnel  unless  required  at  the 
scene. 

(h)  Order  EBS/OBA  manned  as  required. 

(i)  Answer  engine  bells. 

(j)  Keep  maneuvering  and  control  informed  of  status. 

(3)  OOD/DO 

(a)  Pass  the  word  via  I  MC  and  sound  the  general  alarm. 

(b)  Order  ship  to  minimum  depth  consistent  with  the  tactical  situation. 

(c)  Order  speed  changed  or  maintained  at  3  to  15  knots. 

(d)  Ensure  all  hands  that  action  is  completed  in  accordance  with 
general  emergency  and  casualty  control  bill. 

(e)  Inform  ships  in  the  immediate  vicinity  as  necessary. 

(f)  Shut  outboard  and  inboard  induction  and  ventilation  exhaust  valves. 

(g)  If  snorkeliag,  secure  snorkeiing. 

(h)  Be  prepared  to  surface. 

(i)  Ensure  that  sound  powered  phones  are  manned  and  that  proper  use 
is  being  made  of  phone  circuits. 

b.  Alternate  Action  -  If  a  fire  occurs  in  the  control  and  monitoring 
circuits  within  the  maneuvering  room  (or  control  panels  cannot  be 
manned  due  to  local  fire  conditions),  it  may  be  necessary  to  shift 
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controls  to  local  operating  stations  in  the  engine  compartment.  In 
such  a  case,  additional  qualified  watchstanders  will  be  required. 


4.  INFORMATION  FLOW  DIAGRAM 
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5.  FOLLOW  ON  ACTION/FEEDBACK 

z.  Results  -  Indication  of  Results  of  Initial  Action 

(1)  Local  personnel  (includes  EOOW  or  electrical  officer)  observations. 

(a)  Status  of  fire:  success  in  localization  and  control. 

(b)  Risk  of  fire  spreading  or  reflashing:  safety  of  pyrotechnic  locker, 
adjacent  hull  insulation,  presence  of  hydraulic  fluid  spillage  or. 
spray,  or  lube  oil. 

(c)  Completeness  of  electrical  equipment  isolation. 

(d)  Effects  of  damage  and  isolation  on  other  systems. 

(e)  Atmospheric  contamination  (smoke). 

(2)  Maneuvering  Room  Watch 

(a)  Report  of  local  personnel  observations  of  5a(l), 

(b)  Status  and  lineup  of  propulsion,  electrical,  and  hydraulic  systems, 
for  example,  pressures  and  temperature  of  lube  oil  systems. 

(c)  Effects  on  personnel. 

(3)  Control  Room 

(a)  Reports  of  Local  and  Maneuvering  Room  observations. 

(by  Ship  status:  depth,  speed,  attitude. 

b,  Determine  Supplemental  Actions  Required  -  Same  as  5ajl)  and  5a(2). 

c.  Indication  of  Follcwon  Results  -  Same  as  5a. 

dr  Determine  Action  Required  to  Complete  Recovery  -  Identify  desired 
safe  operating  envelope  and  identify  action  required. 

e.  Complete  Casualty  Recovery 

(1)  Local  personnel  (include?  electrical  officer  and  aft  damage  control 
party  if  required) . 

'(a)  Inspect  locus  of-fire  io  ensure  temperature  of  material  and  equip¬ 
ment  is  below  the  flash  point, 

(t»)  Commence  emergency  ventilation  if  required. 

(c)  Inspect  secured  equipment  for  damage  and  presence  of  combustible 
materials. 
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(d)  Restore  equipment  to  operation  when  safe  to  do  so. 

(e>  Upon  orders  from  control/MR  restore  normal  ventilation  lineup 
and  secure  fire-fighting  equipment. 

(2)  Maneuvering  Room  (Engineering  Offficer  and  EOOW) 

(a)  Report  status  of  fire  and  essential  ship  systems  to  control. 

(b)  Direct  local  personnel  to  restore  equipment  to  operation  as  ap¬ 
propriate.  - 

(c)  Supervise  cleanup  of  combustible  and  fire  extinguisher  material. 

(d)  Stand  prepared  to  operate  the  ship  ventilation  system  as  directed 
by  the  CO/XO/OOD. 

(3)  Control  Room 

(a)  Order  emergency  ventilation  of  engine  compartment,  if  required. 

(b)  Order  fire-fighting  equipment  and  personae!  protection  equipment 
secured. 

(c)  Order  depth,  speed,  trim,  etc,  to  operate  ship  within  a  safe  op¬ 
erating  envelope  consistent  with  damage  and  tactical  situation. 


D  -  FLOODING  -  ROW  COMPARTMENT 
1.  RECOGNITION 


a.  Initial  Conditions  -  The  submarine  is -assumed  to  be  operating  ai 
”  deop  depth.  "Speed  is  8  to  I  S  knots.  Buoyancy  is  slightly  positive. 

Basic  variables  relevant  to  detection  of  a  casualty  consist  of  or¬ 
dered  attitude  and  trim  rig  status. 

b.  Detection 

{ l )  Detection  of  Impending  Casualties 

Vfatcbstaudcrs  torpedo  room  watch  (TRW)  note. leakage.  Control 
room  notes  a  change  iu  trim  heavy  forward  (applies  only 'when  watch  - 
slanders  iail  so  detect  ieaicage ,  5 

12}  JSaiftCtfcg*  of  Existing  Gaiu*t3ties  .  : 

Watcfcstandera  detent  and  repeat  to  control  the  location  ftud  cate 
(moderate  ?evo?e,  or  extreme)  of  flooding  Symptoms  det^ctabie 
by  ^iehstanders  may  consist  of  csyy  or  more  of  t He  following: 
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c. 


2. 


a. 


{1}  increasing  water  level  in  compartment,  (2)  water  on  the  bulk¬ 
head  and/or  overhead,  (3)  sound  and/or  sight  of  a  rushing  stream 
or  jet  of  water,  and  (4)  appearance  of  high  pressure  fog  or  water 
vapor. 


Verification  -  In  ambiguous  cases  of  flooding,  the  watchstanasr  on 
the  scene  will  attempt  to  check  his  initial  impression.  EEOW  or 
EFOOW  may  check  the  space  to  verify  rate  and  location.  Watch- 
standers  at  adjacent  stations  check  and  report  conditions. 


DECISION  MAKING 
OOD/CO 


{1)  Ship  Characteristics  -  Speed,  depth,  attitude,  trim/buoyancy,  rig 
status,  reported  nature,  and  location  of  flooding  are  noted. 


{2}  Crew  Characteristics  -  Crew  capability,  state  of  training,  physio  - 
logical/psychological  condition  and  reaction  time  are  assessed. 


(3)  System  Status  -  Status  of  following  essential  ship  systems  is  as¬ 
sessed: 


1. 


Essential  systems  for  recovery,  for  example, 
propulsion,  hydraulic  system,  MBT  blow  sys¬ 
tem,  variable  ballast  system,  air  bank  pres¬ 
sure/  capacity,  and  communications. 


2* 


Possible  system  degeneration  due  to  flooding. 
If  bow  compartment  is  completely  flooded  at 
deep  depth,  WT  bulkhead  (frame  No.  31}  may 
collapse  and  result  in  flooding  of  operations 
compartment,  missile  compartment,  and 
engineering  spaces  aft.  Spaces  and  equip¬ 
ment  that  znay  be  flooded  include  the  crew’s 
living  space,  battery  space,  missile  control 
equipment  air-conditioning,  missile  control 
center,  and  missile  compartment. 


{4}  Potential  Sources  of  Flooding 

(a)  Torpedo  tubes  (4}  -  21  in. 

(b)  Muzzle  and  breech  doors 


(c)  Ammo  locker,  pyrotechnic  locker  and  torpedo  tube  flood,  hull,  and 
backup  valves  -  1  in. 


(d)  Forward  signal  ejector  hull  and  backup  valves  -  1/2-  in. 

(e)  Forward  signal  ejector  muzzle  valve  and  breech  door  -  3  in. 
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(f)  Escape  and  torpedo  loading  trunk 

(g)  MBT  vent  valves 

(h)  Flood  and  drain  torpedo  tube  backup  valves  (4)  -  5  in. 

(5)  Estimate  seriousness  of  flooding. 

(6)  Recall  special  instructions,  ship's  standing  orders  and  other  con¬ 
straints;  for  example,  minimum  depth,  ice  overhead,  and  surface 
ship  activity. 

(7)  Recall  available  courses  of  action,  for  example,  bio??  forward 
MBT's,  blow  all  MBT's,  emergency  blow,  plane  up  to  shallower 
depth,  engine  ahead  full,  engine  ahead  flank,  and  engine  moderate 
speed. 

(8)  Select  the  course  of  action  from  2a(7). 

b.  Local  Personnel  (Including  Watchstanders ) 

(1)  Determine  what  assistance  is  needed. 

(2>  Determine  what  immediate  local  action  can  be  taken  to  stop  the 
flooding  including  isolation  and  emergency  damage  control.  Con¬ 
sideration  will  be  given  to  such  factors  as  accessibility  to  valves 
or  remote  controls  and  availability  of  suitable  damage  control 
materials. 

(3)  Make  decisions  relative  to  evacuation  and  isolation  of  the  compart¬ 
ment, 

3.  CORRECTIVE  ACTION 

a.  Basic  Sequence  (Deep  Submergence) 

;i>  OGD/CO 

(a)  Pass  the  word  to  all  hands  (collision  alarm) 

{b)  Emergency/blow  MBT's 

(c)  Ship's  speed  of  at  least  AHEAD  2/3. 

(d)  Attempt  to  maintain  ship's  angle  of  UP  30  deg. 

(e)  Sound  collision  alarm. 

(f)  Pump  forward  variable  ballast  tanks. 
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(2)  V/atchstanders  {and/or  local  personnel) 

(a)  Make  initial  report  to  control  giving  nature,  location,  and  system 
affected. 

{b)  Shut  valves  or  doors  if  feasible  (activate  remote  control  for  all 

torpedo  room  valves  and  muzzle  doors).  , 

(c)  Dog  WT  door  separating  bow  from  operations  compartment. 

! 

(d)  Other  watchstanders  must  close  all  WT  doors,  shut  all  bulkhead 

flappers,  and  secure  compartment  recirculation  blowers  and  pre-  ; 

cipitrons. 

(3)  EOOW 

(a)  Ensure  that  WT  doors  are  closed  and  dogged,  bulkhead  flappers 
are  shut,  and  compartment  recirculation  blowers  and  precipitrons 
are  secured. 

(b)  If  applicable,  secure  the  battery  charge,  secure  the  diesel  engine, 
and  shut  the  outboard  and  inboard  engine  snorkel  exhaust  valves. 

(c)  Place  the  second  MG  and  TG  on  the  line. 

(d)  Change  powerplant  and  electrical  system  lineup  to  ensure  most  re¬ 
liable  operation. 

(e)  Prepare  to  answer  speed  bells  within  power  plant  limitations. 

b.  Representative  Alternative  Actions  -  If  the  ship  is  above  the  col¬ 
lapse  depth  of  bulkhead  No.  31  and  the  compartment  is  isolated, 
the  OOD  may  choose  to  blow  the  forward  MBT's  and  plane  up  to  a 
depth  where  the  bow  compartment  can  be  pressurized  to  stop  the 
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5.  FOLLOWON  ACTION/FEEDBACK 

a.  Results  -  Indication  of  Results  of  Initial  Action 

(1)  The  CO/OOD/DO  makes  observations  of  the  ship's  response,  in¬ 
cluding  the  ship's  angle,  depth  change  rate,  depth,  speed,  air  bank 
pressure,  and  roll  and  turbulence. 

(2)  Watchstanders  and  local  personnel  report  the  location  of  flooding  if 
identifiable,  flooding  rate;  action  and  scucess  in  isolating  the  flood¬ 
ing,  effect  of  flooding  in  other  components,  and  amount  of  water 
taken  aboard. 

(3)  EOWW/SFOOW  reports  any  changes  in  status  of  essential  ship  sys¬ 
tems. 

_b.  Determine  Supplemental  Actions  Required 

(1)  co/ood/do 

(a)  Adjusts  plane  angles. 

(b)  Adjusts  blow  -  If  emergency  blow  has  not  been  previously  ordered 
and  ship  is  responding  unsatisfactorily,  emergency  blow  is  ordered. 
If  ship  instability  is  too  great  with  emergency  blow,  normal  blow  is 
initiated. 

(c)  Order  compartment  bilges  pumped  if  consistent  with  tactical  situ¬ 
ation.  CO/OOD  may  also  compensate  for  flooding  by  pumping  from 
variable  ballast  tanks. 

(2)  Local  Personnel  -  Commence  emergency  measures  to  stop  or  re¬ 
tard  flooding  within  their  capabilities.  Centime  attempt  to  isolate 
flooding  as  accessibility  is  improved  by  reduced  impingement,  etc. 
when  depth  is  reduced. 

(3)  EOOW/EPOOW 

(a)  Ensure  bells  are  answered  as  directed  and  within  the  capability  of 
the  propulsion  plant. 

(b)  Continue  lineup  of  power  plant  for  most  reliable  operation. 

(c)  Prepare  lineup  for  compartment  dewatering. 

jc.  Indication  of  Follow  on  Results 

(1)  Ship  Status  -  Followon  conditions  of  basic  recovery  procedure  are 
decreasing  depth  (stable  rate),  maintainable  up  angle  =  30  deg, 
ahead  speed  =  5  knots,  depth  approaching  5  150  ft,  reserve  air 
bank  pressure,  flooding  confined  to  affected  compartment,  flooding 
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rate  reduced,  and  excessive  roll  and  turbulence  may  be  experi¬ 
enced. 

(2)  Watchstanders/Local  Personnel 

(a)  Offivatch  personnel  arrive  at  stati.-ns  in  accordance  with  General 
Emergency  and  Damage  Control  Bxll. 

(b)  Electrical  Officer  takes  charge  at  the  scene. 

(c)  Information  of  5a.(i)  is  updated. 

(3)  Engineering  Offieer/EOOW 

fja.)  Engineering  Officer  arrives  at  station  and  assumes  supervisory 
responsibility. 

(b)  Information  of  5_a(2)  is  updated. 

(4)  Followon  conditions  of  alternate  recovery  procedure  is  the  same 
as  5,  £,  (1)  except  that  the  excessive  roll  and  turbulence  associated 
with  emergency  MBT  may  not  be  experienced. 

d.  Determine  Action  Required  to  Complete  Recovery  -  Desired  (safe) 
operating  envelope  and  action  required  using  information  of  5c_  are 
identified, 

e.  Complete  Casualty  Recovery 

(I)  Representative  action  for  completion  of  recovery  procedure. 

(a)  Secure  MBT  Blow. 

(b)  If  ascent  continues  at  approximately  the  same  rate  and  angle  re¬ 
mains  controllable,  decrease  up  angle  to  level  off  at  desired  depth, 

(c)  If  depth  can  be  maintained  with  slight  down  angle,  adjust  speed  to 
between  5  and  10  knots  and  cycle  vents  (forward-aft). 

(d)  Take  appropriate  action  to  secure  or  compensate  for  flooding.  Al¬ 
ternatives  include  pressurizing  the  bow  compartment,  pumping  the 
bilges,  and  if  a  problem  of  impingement  exists  to  prevent  access 
to  control  valves  at  deep  depth  and  is  subsequently  reduced,  close 
valves. 


S  -  FLOODING:  OPERATIONS  OR  IvlISSILE  COMPARTMENT 
1,  RECOGNITION 

a.  Initial  Conditions  -  The  submarine  is  assumed  to  be  operating  at 
deep  depth.  Speed  is  8  to  15  knots.  Buoyancy  is  slightly  positive. 
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Basic  variables  sometimes  relevant  to  detection  of  a  casualty  con¬ 
sist  of  ordered  attitude  and  trim  and  rig  status. 

b.  Detection 

(1)  Detection  of  Impending  Casualties  -  Control  room  notes  a  change 
in  trim  if  watchstanders  or  local  personnel  fail  to  defect  leakage. 
Following  watchstanders  or  local  personnel  note  leakage: 

1.  Ship  control  watches  at  control  room,  attack 
center,  navigation  center,  and  sonar  room 

2.  Weapons  watches  at  missile  control  center 
and  missile  compartment 

3.  Auxiliary  electrical  foward  watches 

4.  Auxiliary  men  fo  rward  watches 

5.  Special  watches;  for  example.  Galley,  Ship's 
Office,  and  Supply 

6.  Other  local  personnel  at  crew’s  living  space, 
officer's  living  space,  and  CPO's  living  space 

(2)  Detection  of  Existing  Casualties  -  Watchstanders  detect  and  report 
to  control  the  location  and  rate  of  flooding.  Weapons  watch  will 
also  report  to  the  missile  control  center. 

Symptoms  detectable  by  watchstanders  may  consist  of  one  or  more 
of  the  following:  (1)  rapidly  increasing  water  level  in  the  compart¬ 
ment  or  bilges,  (2)  water  on  the  bulkhead  and/or  overhead,  (3) 
sound  and/or  sight  of  a  rushing  stream  or  jet  of  water,  and  (4)  ap¬ 
pearance  of  high-pressure  fog  or  water  vapor. 

c.  Verification  -  In  ambiguous  cases  of  flooding,  the  watchstander  on 
the  scene  will  attempt  to  check  his  initial  impression.  EOGW  or 
EPOOW  may  check  the  space  for  purposes  of  verifying  rate  and  lo¬ 
cation.  Watchstanders  at  adjacent  stations  will  check  and  report 
conditions. 


DECISION  MAKING 


a.  CO/OOD 

(1)  Ship  Characteristics  -  Note  speed,  depth,  attitude,  trim/buoyancy, 
rig  status,  reported  nature, and  location  of  flooding. 

(2)  Crew  Characteristics  -  Assess  crew  capability,  state  of  training, 
physiological/psychological  c6ndition,and  reaction  time. 

(3)  System  Status  -  Assess  status  of  essential  ship  systems. 
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(a)  Essential  systems  for  recovery,  for  example,  propulsion,  hydrau¬ 
lic  system,  MBT  blow  system,  and  communications. 

(b)  Possible  degradation  of  essential  systems  due  to  flooding  of  the 
battery,  fairwater  plane  positioning  equipment,  battery  switch¬ 
boards,  ballast  blow  and  vent  control  panel,  electronic  equipment 
space,  MK-19  gyro  control,  400*  cps  switchboard,  sonar  equip¬ 
ment,  communications  equipment,  IC  switchboard,  ballast  control 
panel,  steering  and  diving  station,  underwater  telephone,  and  ven¬ 
tilation  control. 

(4)  Potential  Sources  of  Flooding 

(a)  Hull  penetrations  that  may  be  open  while  submerged  below  peris¬ 


cope  depth  are  listed  below: 

AN/BRA- 9  leakcff  hull  valve  l/4  in. 

VI»F  loop  antenna  leakoff  null  valve  1  /4  in. 

Type  11  fair  leakoff  hull  valve  l/4  in. 

Snorkel  mast  leakoff  hull  valve  i/4  in. 

AN/BRA- 1 5  leakoff  hull  valve  1  /4  in. 

Transit  mast  leakoff  hull  valve  l/4  in. 

IFF/UHF  antenna  leakoff  huiivalve  ~ '  1  /4  in. 

Bridge  access  trunk  drain  hull  valve  l/4  in. 
No.  1  periscope  leakoff  hull  valve  l/4  in. 

No.  2  periscope  leakoff  hull  valve  l/4  in. 

AN/BPS- 11  mast  leakoff  hull  valve  1/4  in. 

(b)  Crew’s  living  space 

Depth  gage  sea  pressure 

Sensing  (hull  and  backup)  (2)  1/2  in. 

Sanitation  tank  No.  i  overboard  dis¬ 
charge  (hull  and  backup)  3  in. 

TDU  (trash  disposal  unit,  hull  and 

backup)  10  in. 

(c)  Ship  control  center 

Indicator  mast  drain  and  20  psig  air 

(hull  and  backup)  l/2  in. 

ECM/DF  mast  backoff  (hull)  i/2  in. 

Type  11  heat  exchanger  SW  outlet 

(lnill  and  backup)  l-i/2  in. 
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Type  II  heat  exchanger  SW  inlet 
(hull  and  backup) 

Md  mast  drain  (hull  and  backup) 

(d)  Missile  Compartment 

Missile  tube  outboard  vent  (hull 
and  backup) 

SW  headers  overboard  (hull  and 
backup) 

Sanitation  tank  fclu.  4  overboard 
discharge  (hull  and  backup) 

Depth  detector  sea  pressure  sens¬ 
ing  (~) 

Underwater  log  (2)  (flapper) 
Missile  tube  No.  2  compensating 

(e)  Missile  Tubes 

Missile  tube  No.  4  compensating 
(hull  valve) 

Missile  tube  No.  6  compensating 
(hull  valve) 

Missile  tube  No.  8  compensating 
(hull  valve) 

Missile  tube  No.  10  compensating 
(hull  valve) 

Missile  tube  No.  12  compensating 
(hull  valve) 

Missile  tube  No.  14  compensating 
(hull  valve) 

t  Missile  tube  No.  16  compensating 

•  (hull  valve) 

Missile  tube  No.  1  compensating 
(hull  valve) 

Missile  tube  No.  3  compensating 
(hull  valve) 

Missile  tube  No.  5  compensating 
(hull  valve) 

Missile  tube  No.  7  compensating 
(hull  valve) 

Missile  tube  No.  9  compensating 
(hull  valve) 


1-1/2 

1-1/2 


m 

in 


1-1/2  in 
1-1/2  in 


2  in. 

1/2  in. 

6  in. 

7  in. 


7  in. 
7  in. 
7  in. 
7  in. 
7  in. 
7  in; 
7  in. 
7  in. 
7  in. 
7  in. 
7  in. 
7  in. 
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Mjssiis  tube-ficr,  II  compensating 
(hull  valve) 

7  in. 

Missile  tube  No.  15  ecm peJisating 
{hull  valve) 

7  in.  f 

Missile  tube  No.-  T5-  compensating 
(hull  valve) 

7  in; 

Horizontal  system  sea-pressure 
seneing 

Hull  and  backup  * 

1/2  in. 

Other  sources  ox  leakage  of  flooding. 

bridge  ac- 

cess  hatch,  masts  and  periscope,  missile  hatches, 
and  trash  ejection  unit. 

(5)  Estimate  seriousness  of  flooding. 

(6)  Recall  special  instructions,  ship's  standing  orders,  and  other  con¬ 
straints,  for  example,  minimum  depth,  ice  overheadj.  and  surface 
ship  activity. 


(7)  Recall  available  courses  of  action,  for  example,  plane  up  to  shal¬ 
lower  depth,  engine  ahead  full  or  ahead  flank,  engine,  moderate 
speed,  blow  MBT,  and  emergency  blow  MBT. 

(8)  Select:  the  course  of  action  from  2af7j  considering'  the  information 
of  2a(l)  through  2a(6). 

b.  Local  Personnel  (Including  Watchstanders) 

(1)  Determine  assistance  needed. 

(2)  Determine  what  immediate  local  action  can  be  taken  to  stop  th=r- 
flooding,  including  isolation  and  emergency  dasfcage  confcfol;  con¬ 
sideration  will  be  given  to  such  factors  as  accessibility  to  valves 
or  remote  controls  and  to  the  availability  of  suitable  damage  con¬ 
trol  materials. 

(3)  Make  decisions  relative  to  evacuation  and  isolation  of  the  compart¬ 
ments. 


3.  CORRECTIVE  ACTION 

a..  Basic  Sequence  (Deep  Subniv  -gence) 

(1)  OOD/CO 

(a)  Pass  the,  word  to  ail  hands. 

(b)  Tb»ie r gency  bidw  MBT’*. 
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(c)  Ship's  spend  of  at  least  ahead  2/3. 

(d)  Attempt  ho  maintain  ship's  angle  of  up  30  deg. 

(ej  Sound  collision  alarm. 

%tj  Pump  variable  baiiasVtahk, 

.  (2)  Watchstanuers  {and/or  local  personnel)  :  . 

(a)  Make  initial  report  to  Control,  giving  nature,  location  and  system 

aifetted* 

(h}  U-bXyi  valves  gs*  doors  iffe^cible. 

{c}  Close  and  dog  all  WT  doors?  shut  all  bulkhead  flappers,  secure 
compartment  , blowers,  and  pr.ecipitrons, 

{3f-  S60W  '• 

(aj  E'6i3urg  that  W'f  doers  are  closed  and  dogged^  bulkhead  flappers  are 
sfctt*,  and  compartment  recirculation  blowers  and  precipitrcns  are 
secured. 

-  .  :(b|  If  a’pplicibl.c,  secure  the- battery  charge,  secure  the  dice  el  engine, 
shut  the  outboard  and  inboard  engine  snorkel  exhaust  valves. 

(o)  Place  the  second  MG  and  TG  on  the  line. 

(d)  Change  pcwerplant  and  electrical  system  lineup  to  ensure  most  re- 
liable  operation. 

(e)  Prepare  U?  answer  speed  bells  within  powerplant  limitations. 

-  -  v 

(4)  Missile  Control  Center/Launch  Control  Station 

(a)  Check  ordnance  devices  safed. 

(b)  Isolate  electrical  control  equipment  that  may  be  affected  by  flooding. 
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5.  FOLLOWON  ACTION/FEEDBACK 

a.  Results  -  Indication  of  Results  of  Initial  Action 

{1)  The  CO/OOB/DO  make  observations  of  the  ship's  response,  in¬ 
cluding  the  ship's  angle,  depth,  and  depth  change  rate,  speed,  air 
bank  pressure,  and  roll  and  turbulence. 

(2)  Watchstanders  and  local  personnel  report  the  location  of  flooding 
if  identifiable,  flooding  rate,  action,  and  success  in  isolating  the 
flooding,  effect  of  flooding  in  other  compartments,  and  amount  of 
water  taken  aboard. 

(3)  EOOW/EPOO W  reports  any  changes  in  status  of  essential  ship  sta¬ 
tions. 


(4)  Missile  Control  Center/Launch  Control  Center  reports  hazardous 
conditions  involving  the  ordnance. 

b.  Determine  Supplemental  Actions  Required 


(1)  CO/OOD/DO 


(a)  Adjusts  plane  angles 

(b)  Adjusts  blow 

(c)  If  emergency  blow  has  not  been  previously  ordered  and  ship  is  re¬ 
sponding  unsatisfactorily,  orders  emergency  blow. 

(d)  If  ship  instability  is  too  great  with  emergency  blow,  change  to  nor¬ 
mal  MBT  blow. 

(e)  Orders  compartment  bilges  pumped  if  consistent  with  tactical  situ¬ 
ation;  CO/OOD  may  also  compensate  for  flooding  by  pumping  from 
variable  ballast  tanks. 

(2)  Local  Personnel 

(a)  Commence  emergency  measures  to  stop  or  retard  flooding  within 
their  capabilities.  Continue  attempts  to  isolate  flooding  as  acces¬ 
sibility  is  improved  by  reduced  impingement,  etc.  when  depth  is 
reduced. 

(bj  Evacuate  nonessential  personnel. 

(3)  EOOW/EPOOW 

(a)  Ensure  bells  are  asnwered  as  directed  and  within  the  capability  of 
the  propulsion  plant. 

(b)  Continue  lineup  of  power  plant  for  most  reliable  operation. 
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(c)  Prepare  lineup  for  compartment  dewatering. 

c.  Indication  of  Followon  Results 

(1)  Ship  Status  -  Followon  conditions  of  basic  recovery  procedure  are 
decreasing  depth,  maintainable  up  angle  =  30  deg,  ahead  .speed  = 

5  knots,  depth  approaching  =  150  ft,  reserve  air  bank  pressure, 
flooding  confined  to  affected  compartment,  flooding  rate  reduced, 
and  excessive  roil  and  turbulence  may  be  experienced. 

(2)  Watchstander s/Local  Personnel 

(a)  Off -watch  personnel  arrive  at  stations  in  accordance  with  General 
Emergency  and  Damage  Control  Bill. 

(b)  Electrical  Officer  takes  charge  at  the  scene. 

(c)  Information  of  5a(i)  is  updated. 

(3)  Engineering  Officer/ECOW 

(a)  Engineering  Officer  arrives  at  station  and  assumes  supervisory 
responsibility, 

(b)  Information  of  5a{2)  is  updated. 

(4)  Followon  conditions  of  alternate  recovery  procedure  are  the  same 
as  5c_{l)  except  that  the  excessive  roll  and  turbulence  associated 
with  emergency  MBT  blow  may  not  be  experienced. 

d.  Determine  Action  Required  To  Complete  Recovery  -  Identify  de¬ 
sired  (safe)  operating  envelope  and  identify  action  required,  using 
information  of  5c. 

e.  Complete  Casualty  Recovery 

(1)  Secure  MBT  Blow 

(2)  If  ascent  continues  at  approximately  the  same  rate  and  the  angle- 
remains  controllable,  decrease  the  up  angle  to  level  ship  off  at  de¬ 
sired  depth. 

(3)  If  depth  can  be  maintained  with  slight  down  angle,  adjust  speed  to 
between  5  and  10  knots  and  cycle  vents  (forward-aft). 

(4)  Take  appropriate  action  to  secure  or  compensate  for  flooding.  Al¬ 
ternatives  include  pressurizing  the  flooded  compartment,  -pumping 
the  bilges,  and  if  a  problem  of  impingement  existed  to  prevent  ac¬ 
cess  to  control  valves  at  deep  depth  and  is  subsequently  reduced, 
closing  valves. 
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F  -  FLOODING:  ENGINE  ROOM  OR  AMR  NO.  2 

1-  RECOGNITION 

a.  Initial  Conditions  -  The  submarine  is  assumed  to  be  operating  at 
deep  depth.  Speed  is  8  to  15  knots.  Buoyancy  is  slightly  positive. 
Basic  variables  sometimes  relevant  to  detection  of  a  casualty  con¬ 
sist  of  ordered  attitude  and  trim  and  rig  status.  Other  important 
variables  include  the  following.  Equipment  in  operation,  for  ex¬ 
ample,  ASW,  MSW,  refrigeration,  freon  air-conditioning,  lithium 
bromide  air-conditioning,  signal  ejector,  distilling  units  (2000  + 
8000  GPD),  diefcel  generator  set,  MG  sets,  trim  pump,  and  drain 
pomp. 

h.  Detection 

(1)  Detection  of  Impending  Casualties 

la)  Engineering  space  watchstanders  note  leakage; that  is,  rising  water 
in  bilges,  dripping  from  bulkheads  or  overheads,  small  streams  of 
water  without  force. 

(b)  Control  room  watchstanders  note  a  change  in  trim  "  heavy  aft. 

{Applies  only  when  engineering  space  watchstanders  fail  to  detect 
leakage. ) 

(2)  Detection  of  Existing  Casualties 

(a)  Engineering  space  Watchstanders  detect  and  report  to  MR/Control 
the  location  and  rate  (moderate,  severe,  or  extreme)  of  flooding. 

(b)  Symptoms  detectable  by  watchs  tanders  may  consist  of  one  or  more 
of  the  following:  (1)  abnormal  increase  in  bilge  level,  (2)  water 
on  the  bulkhead  and/or  overhead,  (3)  sound  and/or  sight  of  a  rush¬ 
ing  stream  or  jet  of  water,  and  (4)  appearance  of  high- pres  sere 
fog  or  water  vapor 

(c)  The  nature  of  flooding,  although  not  yet  scaled  in  terms  of  objective 
measurements  or  observations,  is  directly  related  to  rate,  depth, 
location,  equipment  affected,  and  type  (sea  water  or  fresh  water). 

(3)  'Verification  -  In  ambiguous  cases  of  flooding,  the  watchstander  on 
the  .scene  will  attempt  to  check  his  initial  impression.  EOOW  or 
EFOOW  may  check  the  space  to  verify  rate  und  location.  Watch - 
stander.s  at  adjacent  stations  will  check  and  report  conditions. 
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2.  DECISION  MAKING 
a.  OOD/CO 

(1)  Ship  Characteristics  -  Note  speed,  depth,  attitude,  trim/buoyancy, 
rig  status,  reported  nature,  and  location  of  flooding. 

(2)  Crew  Characteristics  -  Assess  crew  capability,  state  of  training, 
physiological/psychological  conditions,  and  reaction  time.  The 
EOOW  will  be  given  special  consideration. 

{3)  System  Status  -  Assess  status  of  essential  ship  systems. 

(a)  Essential  systems  for  recovery,  for  example,  propulsion  (main 
engine  system),  steam  system,  electrical  power,  electrical  con¬ 
trol,  especially  reactor  control  system,  hydraulic  system,  MBT 
blow  system,  variable  ballast  system,  communications,  air  bank 
pressure/capacity,  ana  drain  pump. 

(b)  Flooding  Degradation-  Possible  system  degradation  due  to  flooding 
is  as  follows: 

1.  ERUL  -  flooding  aft 

Hydraulic  plants  -  may  lose  normal  plane 
power  should  hydraulic  plants  fail  due  to 
fire. 

May  lose  main  and  shaft  lube  oil  pumps  in 
ERL.L. 

May  lose  propulsion  and  SSTG's  through 
less  of  vacuum  and  overheating  of  lube  oil 
due  to  isolation  of  ASW  aft. 

2.  ERUL  -  flooding  forward 

May  lose  air-conditioning. 

SSTG  may  become  airbound. 

3.  ERLL  -  flooding  aft 

May  lose  aft  ASW  system. 

May  lose  main  and  shaft  lube  oil  pumps  and 
eventually  lose  propulsion. 

4.  ERLL  -  flooding  forward 

May  lose  drain  pump. 

May  lose  air-  conditioning. 

Would  lose  propulsion  and  SSTG's  if  opening 
occurs  in  MSW  system. 

5.  No.  2  AMRUL  -  aft  and  forward 


May  lose  SS MG  after  a  time  delay. 
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May  lose  2S  and  6S  switchboards  that  con¬ 
trol  MG,  TG,  diesel  generator,  and  main 
coolant  pumps. 

May  lose  powe^<  supplies  and  control  panels 
for  PRIMARY  and  STEAM  power  plant  sys¬ 
tems. 

May  lose  trim  pump  control. 

6.  No.  2  AMRLL 

May  lose  CO^  scrubber,  CO  and  burner, 

amine  tank,  300-kw  MG  set,  diesel  gener¬ 
ator,  RPFW  pumps,  ASW  pumps,  coolant 
charging  and  booster  pumps  and  charging/ 
discharge  station,  and  main  feed  pumps. 

(c)  Flooding  versus  bulkhead  strength  -  The  engineering  compartment/ 
AMR  No.  2  bulkhead  is  a  high-pressure  salvage  bulkhead.  Above 
bulkhead  test  depth,  this  bulkhead  will  provide  the  following:  ii 
flooding  is  forward  of  the  engine  room,  it  will  permit  personnel 
escape  from  the  after  escape  trunk;  it  will  permit  use  of  the  after 
signal  ejector;  it  will  permit  operation  of  the  propulsion  plant  as 
long  as  vital  auxiliaries  and  reactor  control  equipment  in  AMR  No. 

2  are  not  rendered  inoperable. 

If  flooding  is  in  the  engine  room,  the  bulkhead  will  prevent  flooding 
in  compartments  forward  of  the  engine  room,  which  will  permit 
certain  electrical  equipment  to  be  operated,  such  as  lighting  and 
underwater  telephone  and  escape  through  the  torpedo  room  escape 
trunk.  It  will  also  avoid  other  hazards  such  as  fire  and  atmosphere 
contamination  forward  ox  the  bulkhead. 

The  test  depth  of  other  bulkheads  except  the  bow/ope  rations  com¬ 
partment  bulkhead  is  only  300  ft.  Thus,  the  capability  of  prevent¬ 
ing  AMR  No.  2  flooding  from  spreading  forward  is  much  less  than 
in  the  case  of  engine  room  flooding. 

{4)  Potential  Sources  of  Flooding 

(a)  ERUL  -  aft  port 

Hull  penetrations  -  signal  ejector  flooding  (over¬ 
head),  1/2  in.;  overboard  shaft  seal  (centerline), 

3/4  in. ;  signal  ejector  (616)  class,  3  in. 

Internal  systems  -  2000-lb  distilling  plant 

(b)  ERUXi  -  aft  starboard 

Hull  penetrations  -  stern  tube  and  cooling  (center- 
line),  l/2  in. ;  engine  room  overboard  discharge 
(overhead),  4  in. 
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Internal  systems  -  HP  air  compressor,  shaft 
seal  system 

(c)  ERUL  -  forward  port 

Hull  penetrations  -  SW  overboard  discharge 
(overhead),  6  in.  . 

Internal  systems  -  air  ejector  condenser,  8000- 
gal  distillery,  lithium  bromide  air- conditioning 
plant,  continuous  vent  connections  for  No.  2  SSTG 

(d)  ERUL  -  forward  starboard 

Hull  penetrations  -  SW  overboard  discharge 
(overhead),  6  in. 

Internal  systems  -  air  ejector  condenser,  con¬ 
tinuous  vent  for  No.  1  SSTG 

(e)  ERLL  -  aft  port 

Hull  penetrations  -  engine  room  ASW  suction 
(deckplate),  4  in. 

Internal  systems  -  ASW  pumps,  HP  air  compres¬ 
sor,  bilge  wells 

(f)  ERLL  -  aft  starboard 

Hull  penetrations  -  none 

Internal  systems  -  lube  oil  coolers,  bilge  wells 

(g)  ERLL  -  forward  port 

Hull  penetrations  -  drain  pump  overboard  dis¬ 
charge,  3  in. ;  air- conditioner  saltwater  suction 
(bilges),  8  in. ;  MSW  overboard  discharge  (2  to  3 
ft  outboard),  14  in. ;  No.  2  MSW  suction  (deck 
plate),  14  in. 

Internal  systems  -  drain  system,  HP  brine  pump, 
MSW,  air- conditioner  ASW  pumpi,  drain  pumps, 
SSTG  lube  oil  coolers,  bilge  wells 

(h)  ERLL  -  forward  starboard 

Hull  penetrations  -  refrigeration  air-conditioning 
overboard  discharge  (above  deck  plate),  5  in. ; 

AC  suction  (bilges),  8  in. ;  MSW  overboard  disk 
(2  to  3  ft  outboard  of  condenser),  14  in. ;  No.  1 
MSW  suction  (deck  plate  level),  14  in. 

Internal  systems  -  air-conditioning,  MSW,  SSTG 
lube  oil  coolers,  continuous  vent  systems,  bilge 
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(i)  No.  2  AMRUL  -  aft  port 


Hull  penetrations  -  SSMG  air-cooler  overboard 
discharge  (overhead),  2-1/2  in. 

Internal  systems  -  SSMG  air- cooler 


(j)  Nos  2  AMRUL  -  aft  starboard 

Hull  penetrations  -  none 
Internal  systems  -  none 

(k)  No.  2  AMRUL  -  forward  port 

Hull  penetrations  -  diesel  exhaust  outboard  vent, 
l/2  in. ;  diesel  exhaust  outboard  Sxhausi  valve 
drain,,  1/2  in. ;  main  steam  relief  valve  over¬ 
board  discharge,  2  in. ; 

Internal  systems  -  none 

(l)  No.  2  AMRUL  -  forward  starboard 

Hull  penetrations  -  diesel  SW  overboard  discharge 
(overhead),  3  in. ;  diesel  exhaust  vent  (2  to  6  ft), 
1/2  in. ;  reactor  FW/SW  cooler  SW  overboard 
discharge  (Nr.  overhead),  4  in. ;  diesel  exhaust 
drain  (2  to  6  ft),  1/2  in. ;  maiit  steam  relief  valve 
overboard  discharge  (deck  plate),  2  in. 

Internal  systems  -  reactor  FW/SW  coolers 

(m)  ^No.  2  AMRLL  -  aft  port 

Hull  penetrations  -  sanitary  tank  overboard  dis¬ 
charge  (bilges),  2  in. ;  AMR  No.  2  A SW  pump  No. 

1  suction,  6  in. ;  AMR  No.  2  ASW  pump  No.  2  suc¬ 
tion,  6  in. 

Internal  systems  -  SSMG  cooling  system,  bilge 
well 

(n)  No.  2  AMRLL  —  aft  starboard 

Hull  penetrations  -  trim  system  suction  and  over¬ 
board  discharge  (deck  plate),  5  in. 

Internal  systems  -  trim  system,  SSMG  cooling, 
bilge  well 

(o)  No.  2  AMRLL  -  forward  port 

Hull  penetrations  -  reactor  coolant  overboard 
discharge  (deck  plate),  2  in. 

Internal  systems  -  CO^  scrubber,  ASW  pumps, 
bilge  wells 
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(?)  No.  2  AMRLiL  -  forward  starboard 

Hull  penetrations  -  steam  generator  blow  over¬ 
board  discharge  {below  deck  plate),  i-l/2  in. 

Internal  systems  -  CC^  scrubber,  diesel  gener¬ 
ator,  bilge  wells 

(5)  Recall  special  instructions,  ship's  standing  orders,  and  other  con¬ 
straints,  for  example,  minimum  depth,  ice  overhead,  and  surface 
ship  activity. 

(6)  Recall  available  courses  of  action,  for  example,  plane  up  to  shal¬ 
lower  depth,  engines  full  speed,  blow  M5T,  emergency  blow  MBT, 
engine  moderate  speed  -  main  coolant  pumps  slow  and  MBT  blow, 
backing  down,  use  of  trim  pump  and  none. 

b.  EOOW 


(1)  Verify  location  and  rate  of  flooding;  determine  specific  source  of 
flooding. 

(2)  Assist  engine  watchstanders. 

(3)  Review  status  of  essential  equipment  in  the  engineering  compart¬ 
ments  and  possible  effects  of  flooding. 

(4)  Recall  rig  status  of  sea  water  systems. 

(5)  Recall  alternate  courses  of  corrective  action. 

(a)  Compartment  isolation. 

(b)  Sea  water  piping  isolation  or  alternate  rigging  for  flow  reduction. 

(c)  Protection  of  essential  equipment  in  engineering  compartment. 

(d)  Equipment  operation  and  processes  to  be  secured. 

(e)  Powerplant  capabilities  under  degraded  conditions,  for  example, 
reduced  or  stopped  main  salt  water  coolant  system. 

(f)  Arrangement  for  backup  of  equipment  essential  to  recovery. 

(6)  Collate  the  information  of  2jj(l)  through  2jb(4)  against  2_b{5). 

(7)  Prepare  a  tentative  plan  of  action. 

(8)  Revise  plan  of  action  to  be  compatible  with  OOD  direction. 
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3.  CORRECTIVE  ACTION 

a.  Basic  Sequence 

(1)  co/ood/do 

(a)  Emergency  blow  of  all  MBT's  if  one  or  more  of  the  following  oc¬ 
curs  -  propulsion  is  lost,  propulsion  is  capable  of  low  speed  only, 
the  ship  is  at  deep  depth,  an  appreciable  quantity  of  water  has  been 
or  is  being  taken  aboard,  and  ship  control  is  threatened. 

(b)  Ship's  speed  of  at  least  ahead  2/3. 

(c)  Attempt  to  maintain  ship's  angle  of  up  30  deg;  secure  AMC. 

(d)  Pass  the  word  and  sound  the  collision  alarm. 

(e)  Pump  variable  ballast  tank. 

(2)  Watchstanders  (and/or  Local  Personnel)  Engine  Compartment  and 
No.  2  AMR 

(a)  Make  initial  report  via  4  MC  to  Control  and  Maneuvering  on  the 
nature,  location,  and  system  affected,  if  known. 

(b)  Isolate  component/system  from  which  flooding  occurs  if  identifiable 
and  if  valves  are  locally  controllable  and  accessible.  Otherwise, 
proceed,  as  follows  -  shut  all  ASW  hull  and  backup  valves,  shut  all 
ASW  and  MSW  hydraulically  operated  continuous  vent  valves,  stop 
ASW  pumps  in  affected  compartment,  shut  associated  hull  and 
backup  valves  from  auxiliary  sea  systems,  and  dog  WT  doors  and 
secure  all  bulkhead  penetrations  in  affected  compartment. 

(c)  Report  action  and  results  to  maneuvering  room. 

(3)  EOOW/EPOOW 

(a)  Ensure  action  of  3a{2)  is  taken.  Supplement  such  action  by  remote 
closure  of  ASW  hull  stop  valves. 

(b)  If  flooding  is  from  MSW  loop,  affected  side  is  identified  and  the 
following  is  accomplished  -  shut  MSW  hull,  backup  and  cross- 
connect  valves,  secure  MSW  pump,  if  closed  for  checking,  reopen 
MSW  hull  and  backup  valves  on  unaffected  side,  secure  main  engine 
steam  flow,  shift  SSTG  loads  to  unaffected  side,  secure  steam  to 
affected  SSTG,  and  secure  affected  air  ejector. 

(c)  Checks  ahd/or  s\/itches  -  main  coolant  system  to  slow.  Answers 
speed  bells  within  powerplant  limitations. 

(d)  If  applicable,  secure  battery  charge,  diesel  generator,  and  out¬ 
board  and  inboard  engine  snorkel  exhaust  valves. 
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Representative  Alternate  Actions 


(1)  I£  the  source  of  water  influx  can  be  isolated  immediately,  or  if  rate 
is  low  and  if  propulsion  system,  electrical  and  reactor  control.sys- 
tems,  and  ship  control  system  are  not  affected,  then  the  OOD  may 
choose  not  to  blow  the  MBT's  and  instead  will  plane  up  to  a  safer 
depth.  Action  will  be  taken  as  follows: 

l.  OOD 

Passes  the  word  to  all  hands  over  1  MC. 

Orders  speed  AHEAD  full. 

Orders  change  to  shallower  depth  consis¬ 
tent  with  tactical  situation. 

Diving  officer  maintains  an  UP  angle  of  up 
to  30  deg. 

Sounds  collision  alarm 
2c  EOOW/EPOOW 

Prepares  the  power  plant  for  maximum  pro¬ 
pulsion  and  electrical  capability  consistent 
with  safety  and  reliability 

Passes  the  word  via  2  MC  to  engineering 
compartment  watchstanders 

Takes  charge,  at  the  scene  of  casualty 

Ensures  appropriate  actions  of  3a(3)  above 
are  taken;  for  example,  closure  of  suction, 
discharge  and  continuous  vent  valves  of  af¬ 
fected  component/system.  Personnel  at 
the  scene  will  dog  WT  doors  and  secure  all 
bulkhead  penetrations  in  affected  compart* 
ment. 

If  applicable,  secure  battery  charge;  secure 
diesel  engine;  shut  outboard  and  inboard  en¬ 
gine  snorkel  exhaust  valves. 

(2)  If  a  serious  state  of  flooding  exists  under  initial  conditions  like 
those  vmderlying  3a,  except  that  initial  speed  is  =  4  knots,  recov¬ 
ery  action  will  depend  on  capability  of  propulsion  system  to  accel¬ 
erate. 

(a)  If  propulsion/electrical  system  status  includes:  steam  in  engine 
room;  main  engines  Warmed  up,  in  operation  or  on  jacking  gear;  at 
least  one  SSTG  in  normal  operation;  at  least  one  SSMG  in. normal 
ope  ration action  will  be  the  same  as  in  the  basic  sequence  of  3ji, 
except'OOb  will  order  "ahead  full"  and  "answer  bells  on  main  en¬ 
gines"  if  latter  is  not  already  being  done,  for  example,  EPM  in 

— J  operation;  EOOW/ EPQOW  will  shift  propulsion  to  main  engines  and 


aMKamwft.  _ _ . _ _ 
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answer  ordered  bell  as  soon  as  possible;  and  local  personnel  will 
respond  to  EOOW/EPOOW  orders,  secure  EPM,  take  main  engine 
off  jacking  gear,  and  engage  clutch. 

(b)  It  propulsion/electrical  system  is  lined  up  for  reactor  creep,  the 
following  conditions  prevail  -  propulsion  on  EPM,  reactor  critical, 
one  or  two  SSMG's  running,  main  steam  stops  shut,  main  engine  on 
jacking  gear,  no  vacuum  on  condensers,  MSW  secured  or  one  pump 
on  SLOW  and  MSW  cross-connect  open,  and  SSTG's  on  jacking  gear, 
Immediate  recovery  action  under  the  above  circumstances,  would  be 
limited  to  emergency  blow  of  the  MBT's  and  isolation  of  the  flood¬ 
ing. 

4.  INFORMATION  FLOW  DIAGRAM 


CtTCCTtOH  OECtSiQM 


ACTIOM  UOLLOWOtO 


209 


ecpo 


*P/H 


MAYTRAOEVCEN  1853-1 


APPENDIX  D 


5.  FOLLOWON  ACTION/FEEDBACK 

a..  Results  -  Indication  of  Results  of  Initial  Action 

(1)  CO/OQD/DO  makes  observations  of  ship's  response,  including  the 
snip's  angle,  depth  change  rate,  depth,  speed,  air-bank  pressure, 
and  roll  and  turbulence. 

(2)  Watchs  tenders /Local  Personnel  report  the  specific  location  of 
flooding,  equipment  affected  or  about  to  be  affected  by  flooding, 
ability  to  isolate  flooding,  flooding  rate,  amount  of  water  taken 
aboard,  and  equipment  secured  while  combatting  flooding. 

{3}  EOOW/EPOOW  digest  confirms  uatchstanders'  report,  status  of 
propulsion  and  electrical  systems  and  estimated  remaining  oper¬ 
ating  time,  and  status  of  hydraulic,  air-conditioning,  air-regen¬ 
eration  systems,  and  engine  rpm. 

h.  Determine  Supplemental  Actions  Required 

(1)  ood/do 

(a)  Adjusts  plane  angles. 

(b)  If  emergency  blew  has  not  been  previously  ordered  and  ship  is  re¬ 
sponding  unsatisfactorily,  orders  emergency  blow. 

(c)  Orders  compartment  bilges  pumped  if  consistent  with  tactical  situ¬ 
ation;  compensates  for  flooding  by  pumping  from  variable  ballast 
tanks . 


(d)  If  emergency  blow  has  bees  ordered  and  ship  is  endangered  by  ex¬ 
cessive  roll  and  turbulence,  reduce  blow  rate. 

(2)  Local  Personnel 

(a)  Continue  compcnent/system  isolation. 

(b)  Commence  emergency  repair  within  their  capabilities. 

(3)  EOOW/EPOOW 

(a)  Ensure  bells  are  answered  as  directed,  within  capability  of  propul¬ 
sion  plant. 

(b)  Continue  lineup  of  power  plant  for  most  reliable  operation  consis¬ 
tent  with  flooding  conditions. 

(c)  Restore  to  operation  all  systems  previously  secured  that  did  not 
cause  flooding  and  which  are  essential  to  recovery  or  personnel 
well-being. 
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(d)  Prepare  lineup  for  compartment  de'.vatering. 

c.  Indication  of  Followon  Results 

(1)  Watchstanders/Local  Personnel 

(a)  Off-watch  personnel  arrive  at  stations  in  accordance  with  General 
Emergency  and  Damage  Control  Bill. 

(b)  Information  of  5a (2)  is  updated. 

(c)  Electrical  Officer  relieves  EO CW  at  scene. 

(2)  Engineering  Officer/EOO'W 

(a)  Engineering  Offic  r  arrives  at  station  and  assumes  supervisory 
responsibility. 

(b)  BOOTS  resumes  watchstanding  functions. 

(c)  Information  of  5a(3)  is  updated. 

{3)  Ship  Status 

(a)  Followon  conditions  of  basic  recovery  procedure  are  decreasing 
depth  (stable  rate),  maintainable  up  angle  =30  deg,  ahead  speed  = 
5  knots,  depth  approaching  150  ft,  reserve-air-bank  pressure, 
flooding  confined  to  affected  compartment,  flooding  rate  reduced, 
and  excessive  roll  and  turbulence  may  be  experienced  as  a  result 
of  emergency  blow. 

(b)  Followon  conditions  of  alternate  recovery  procedures  are  the  same 
as  5c{3)(a)  except  MBT  not  blown  and  ahead  speed  =  0  and  up  angle 
net  closely  controllable. 

d.  Determine  Action  Required  to  Complete  Recovery  -  Identify  desired 
(safe)  operating  envelope  and  identify  action  required  using  infor¬ 
mation  of  5c. 

te.  Complete  Casualty  Recovery 

(1)  Representative  action  for  completion  of  basic  recovery  procedure. 

(a)  Secure  MBT  blow. 

(b)  If  ascent  continues  at  approximately  same  rate  and  angle  remains 
controllable,  decrease  up  angle  to  level  off  ship  at  desired  depth. 

(c)  If  depth  can  be  maintained  with  slight  down  angle,  adjust  speed  to 
between  5  and  10  knots  and  cycle  vents  (forward-aft). 


(d)  May  pressurize  flooded  compartment  when  ship  is  on  or  near  surface. 
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(2)  Representative  action  for  completion  of  alternate  recovery  proce¬ 
dure  is  same  as  5je(l). 

(3)  Representative  action  for  completion  of  alternate  recovery  proce¬ 
dure. 

(a)  Start  up  powerpiant  in  accordance  with  emergency  procedures. 

(b)  Regulate  MBT  blow  and  pump  variable  tanks  to  maintain  a. safe  at¬ 
titude  and  a  depth  consistent  with  the  tactical  situation. 

(c)  When  speed  of  5  to  10  knots  is  attained,  perform  actions  of  5e(l); 


G  -  FLOODING:  REACTOR  COMPARTMENT  OR  AMR  NO.  1 
1.  RECOGNITION 

a.  Initial  Conditions  -  The  submarine  is  assumed  to  be  operating  at 
deep  depth.  Speed  is  8  to  15  knots.  Buoyancy  is  slightly  positive. 
Basic  variables  relevant  to  detection  of  a  casualty  consist  of  or¬ 
dered  attitude  and  trim.  Other  important  variables  include.  (I)  re¬ 
actor  plant  is  on  the  line  and  (2)  rig  status,  that  is,  piping'  lineup 
of  ASW  system  and  z  eactor  emergency  cooling  system  in  AMR  No. 
1. 


b.  Detection  - 

(1)  Detection  of  Impending  Casualties 

(a)  Watchstanders  or  local  personnel  note  leakage  in  AMR  No.  1  or 
the  watch  detects  water  in  the  reactor  compartment  during  periodic 
inspections. 

(b)  If  excess  water  in  the  bilges  is  not  detected  by. watchstanders,  con¬ 
trol  may  note  a  change  in  trim-  *  * 

(2)  Detection  of  Flooding  in  the  Reactor  Compartment  -  Flooding  may 
occur  only  via  the  demineralizer  overboard  discharge,  a  2-in. 
line,  so  that  direct  flooding  is  highly  improbable  unless  a  bulkhead 
of  an  adjacent  compartment  is.  flooded.  The  other  mode  of  flooding 
would  be  through  the  drain  system  into  bilges.  First  indication 
would  probably  be  the  sounding  of  the  bilge  level  alarm  system.  It 
is  difficult  to  see  all  the  space  during  the  normal  routine  inspec- 

-  tion,  although  a  remote-controlled  mirror  is  of  aid. 


AMR  No.  1  watch,  standby  reactor  ope  rater /auxiliary  electrician  aft 
machinery  watch  supervisor,  engine  room'supervisor,  -EOOW„’ 
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{3)  Detection  of  Flooding  in  the  AMR  No.  1 

{a}  Hull  penetrations  that  may  serve  as  sources  of  flooding  include  the 
following: 

Reactor  emergency  cooling  heat  exchanger 

SW  discharge  and  auction,  5  in. 

Capsule  access  trunk  chain,  1  in. 

AMR  ASW  overboard  discharge  and  suction,  3  in. 

Depth  control  "tank,  flood  and  drain,  8  in. 

Hydrogen  overboard  discharge,  -i/2  in. 

(b)  Flooding  by  failure  of  internal  piping  may  occur  in  AMR  No.  1  in 
either  the  refrigeration  or  electronic  cooling  system  of  the  ASW 
system. 

(c)  First  indication  of  flooding  in  AMR  No.  1  would  be  sight  and  sound 
sensations  hy  watchstanders  and/or  local  personnel. 


2,  DECISION  MAKING 

a.  OOP/CO 

(1)  Ship  Characteristics  -  Note  speed,  depth,  attitude,  trim/buoyancy, 
and  reported  nature  and  location  of  flooding. 

(2)  Crew  Characteristics  -  Assess  crew  capability,  state  of  training, 
physiological/psychological  condition,  and  reaction  time. 

(3)  System  Status  -  Assess  status  of  essential  ship  systems,  for  ex¬ 
ample,  propulsion,  hydraulic  system,  MBT  flow  system,  variable 
ballast  system,  air -bank  pres  sure/capa  city,  and  communications. 

(4)  Possible  degradation  of  essential  systems  due  to  flooding 

(a)  AMR  No.  1  -  Flooding  may  short  out  motors  and  other  electrical 
components  of  the  electr  onic  cooling  systems  and  external  hydrau¬ 
lic  system,  elecronic  cooling  system  may  have  to  be  secured  as 
part  of  flooding  isolation,  and  400-cps  MG  sets  may  be  shorted  out 
with  resultant  loss  of  power  to  ship  control  indicators. 

(b)  Reactor  Compartment  -  One  major  problem  would  be  chloride 
stress  corrosion;  this  may  or  may  not  affect  the  stainless  steel 
piping  in  the  reactor  plant.  Another  problem  would  be  contamina¬ 
tion  of  the  primary  coolant  system;  this  would  degrade  the  system 
?-nd  require  the  plant  to  be  shut  down  but  would  not  have  an  immedi¬ 
ate  effect  on  recovery  capability. 
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(5)  Special  Consideration 

(a)  Access  to  the  reactor  compartment  is  delayed  after  shutdown,  con¬ 
sistent  with  design  limits. 

(b)  Temperature  of  the  reactor  plant  will  have  to  be  reduced  to  mini¬ 
mize  hazard  of  chloride  stress  corrosion. 


(c)  There  is  a  very  lev/  probability  that  the  steam  generator  will  suffer 
thermal  shock  if  the  water  gets  very  high. 

{6j  Recall  special  instructions,  ship's  standing  orders  and  other  con¬ 
straints,  for  example,  minimum  depth,  ice  overhead,  and  surface 
ship  activity. 

i 

(7)  Recall  available  courses  of  action,  for  trample,  plane  up  to  a 
shallower  depth,  engine  full  speed,  engine  moderate  speed,  blow 
MBT,  and  emergency  blow  MBT. 

b.  Local  Personnel  (Including  Watchstanders) 

(1)  Determine  what  assistance  is  needed. 

(2)  Determine  what  immediate  local  action  can  be  taken  to  stop  the 
flooding,  including  isolation  and  emergency  damage  control;  con¬ 
sideration  will  be  given  to  such  factors  as  accessibility  to  valves 
or  remote  controls  and  to  the  availability  of  suitable  damage  con¬ 
trol  materials. 

(3)  Make  decisions  relative  to  evacuation  and  isolation  of  the  compart¬ 
ment. 

_c.  Engineering  Officer/EECW 

(1)  Determine  what  powerplant  and  electrical  system  lineup  will  pro¬ 
vide  the  most  reliable  operation. 

(2)  Determine  whether  or  not  the  reactor  must  be  shut  down. 


(3) 


Determine  what  systems  in  AMR 
a  result  of  ASW  isolation  and*the 


No.  1  will  have  to  be  shut  down  as 
effects  on  continued  ship  operation 


3.  CORRECTIVE  ACTION 
a.  Basic  Sequence 
(1)  OOD/CO 

{a}  Pass  the  word  to  all  hands 
{b}  Emergency  blow  MBT 
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(c)  Ship's  speed.  o£  at  least  AHEAD  2/3. 

{d}  Attempt  to  maintain  ship’s  angle  of  up  30  deg. 

(e)  Sound  collision  alarm 

(£)  Pump  variable  ballast  tank 

(2)  Local  Personnel 

(a)  Make  initial  report  via  4  MC  to  control  and  maneuvering. 

(b)  Shut  all  ASW  hull/backup  valves  and  stop  ASW  pumps  in  the  AMR 
No.  1  if  flooded;  dog  WT  doors  and  secure  ail  bulkhead  penetra¬ 
tions  in  affected  compartment. 

(3)  EOOW 

(a)  Ensure  that  WT  doors  are  closed  and  dogged,  bulkhead  flappers  are 
shut,  and  recirculation  blowers  and  precipitrons  of  AMR  No.  1  and 
adjacent  compartments  are  secured. 

(b)  If  applicable,  secure  the  battery  charge,  secure  the  diesel  engine, 
and  shut  the  outboard  and  inboard  snorkel  exhaust  valves. 

(c)  Place  the  second  MG  and  TG  on  the  line. 

(d)  Change  powerplant  and  electrical  system  lineups  to  ensure  most 
reliable  operation. 

(e)  Prepare  to  answer  speed  bells  within  powerplant  limitations. 

b.  Representative  Alternate  Actions 

(1)  If  the  source  of  water  influx  can  be  isolated  immediately,  or  if  rate 
is  low  and  if  propulsion  system,  electrical  and  reactor  control  sys¬ 
tems  and  ship  control  system  are  not  affected,  then  the  OOD  may 
choose  not  to  blow  the  MBT's  and  instead  will  plane  up  to  a  safer 
depth.  Action  will  be  taken  as  follows: 

l.  OOD 

Passes  word  to  all  hands  over  1  MC. 

Orders  speed  AHEAD  fulL 

Orders  change  to  shallower  depth  consistent 

with  tactical  situation. 

Diving  officer  maintains  an  up  angle  of  up  to 

30.  deg. 

Sounds  collision  alarm. 


APPENDIX  D 


uavto  AncvrBu  1555.1 


2.  EOOW/EPOOW 

Prepares  the  power  plant  for  maximum  pro¬ 
pulsion  and  electrical  capability  consistent 
with  safety  and  reliability. 

Passes  the  word  via  2  MG  to- engineering  . 
compartment  watchstanders. 

Takes  charge  at  the  scene  of  casualty. 

Ensures  appropriate  actions  of  3«i(3)  above 
are  taken;  for  example,  closure  of  suction, 
discharge  and  continuous  vent  valves  of  af¬ 
fected  component/system.  Personnel  at  the 
scene  will  dog  WT  doors  and  secure  all 
bulkhead  penetrations  in  affected  compart¬ 
ment. 

If  applicable,  secure  battery  charge;  secure 
diesel  engine;  shut  outboard  and  inboard  en¬ 
gine  snorkel  exhaust  valves. 

(2)  If  a  serious  state  of  flooding  exists  under  initial  conditions,  like 
those  underlying  3a,  except  that  initial  speed  is  5  4  knots,  recov¬ 
ery  action  will  depend  on  capability  of  propulsion  system  to  accel¬ 
erate. 

(a)  If  propulsion/electricai  system  status  includes  steam  in  engine 
room;  main  engines  warmed  up,  in  operation  or  oh  jacking  gear; 

at  least  one  SSTG  in  normal  operation;  at  least  one  SSMG  in  normal 
operation,  action  will  be  the  same  as  in  the  basic  sequence  of  3a, 
except  OOD  will  order  "ahead  full"  and  "answer  bells  on  main  en¬ 
gines"  if  latter  is  not  already  being  dona,  for  example,  EPM  in  op¬ 
eration;  EOOW/EPOOW  will  shift  propulsion  to  main  engines  and 
answer  ordered  bell  as  soon  as  possible;  and  local  personnel  will 
respond  to  EOOW/EPOOW  orders,  secure  EPM,  take  main  engine 
off  jacking  gear,  and  engage  clutch.  *  '* 

(b)  If  propulsion/electricai  system  is  lined  up  for  reactor  creep,  the 
following  conditions  prevail  -  propulsion  on  EPM,  reactor  critical, 
cne  or  two  SSMG’s  running,  main  steam  stops  shut,  main  engine  on 
jacking  gea.r,  no  vacuum  on  condensers,  MSW  secured  or  one  pump 
on  slow  and  MSV/  cross-connect  open,  and  SSTG's  on  jacking  gear. 

Immediate  recovery  action  under  the  above  circumstances  would  be 
limited  to  emergency  blow  of  the  MBT's  and  isolation  of  the  flood¬ 
ing. 
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5.  FOLLOWON  ACTION/FEEDBACX 

a_.  Results  -  Indication  of  Results  of  Initial  Action 

(1)  CO/OOp/DO  makes  observations  of  ship's  response,  including  the 

ship's  angle,  depth  change  rate,  depth,  speed,  air  bank  pressure, 
and-  roll  and  turbulence.  ~ 

(2)  Watchstanders  /local  personnel  report  the  specific- location  of  flood¬ 
ing,  equipment  affected  or  about  to  be  affected  by  flooding,  ability 
to  isolate  flooding,  flooding  rate,  amount  of  water  taken  aboard, 
and  equipment  secured  while  combatting  flooding. 

(3)  EOOW/ EPOOW  digest  confirms  watchstanders*  report,  status  of 
propulsion  and  electrical  systems  and  estimated  remaining  oper¬ 
ating  time,  and  status  of  hydraulic,  air-conditioning,  air- regener¬ 
ation  systems,  and  engine  rpm. 

b.  Determine  Supplemental  Actions  Required 

(1)  OOD/DO 

(a)  Adjusts  plane  angles. .  ‘  1 

i  ,  v  •  » 

(b)  If  emergency  blow  has  not  been  previously  ordered  and  ship*is  re-, 
sponding  unsatisfactorily,  orders  emergency  blow.  . 

(c)  Orders  compartment  bilges  pumped  if  consistent  with  tactical  situ¬ 
ation;  compensates  for  flooding  by  pumping  from  variable  ballast 
tanks. 

(d)  If  emergency  blow  has  been  ordered  and  ship  is  endangered  by  ex¬ 
cessive  roll  and  turbulence,  reduce  blow  rate. 

(2)  Local  Personnel 

(a)  Continue  component/system  isolation. 

{by  Commence  emergency  repair  within  their  capabilities.  . 

—  . , 

(3) .  EOOW/EPOOW  ‘  : 

(a)  Ensure  bells  are  answered  as  directed,  within  capability  of  propul¬ 
sion  plant. 

(fc)  Continue  lineup  of  powerplant  for  most- reliable  operation  consis¬ 
tent  with  flooding  conditions.. 

(c)  Restore  to  operation  all  systems  previously  secured  that  did  not 
cause  flooding  and  that  are  essential  to  recovery  or  personnel  well¬ 
being. 

(d)  Prepare  lineup  for  compartment  dewatering. 


NAVTRAOEVCEH  1113*1 


APPENDIX  D 


c.  Indication  of  Followon  Results 

(1)  Watchstanders/Local  Personnel 

(a)  Off- watch  personnel  arrive  at  stations  in  accordance  with  General'* 
Emergency*  and  Damage  Control  Bill. 

(b)  Information  of  5a.{2)  is  updated. 

(c)  Electrical  Officer  relieves  EOOW  at  scene. 

(2)  Engineering  Officer/EOOW 

(a)  Engineering  Officer  arrives  at  station  and  assumes  supervisory  re¬ 
sponsibility. 

(b)  EOOW  resumes  watchstanding  functions. 

(c)  Information  of  5a(3)  is  updated. 

(3)  Ship  Status 

(a)  Followon  conditions  of  basic  recovery  procedure  are  decreasing 
depth  (stable  rate},  maintainable  up  angle  =  30  deg,  ahead  speed  = 
5  knots,  depth  approaching  150  ft,  reserve  air  bank  pressure, 
flooding  confined  to  affected  compartment,  flooding  rate  reduced 
and  excessive  roll  and  turbulence  may  be  experienced  as  a  result 
of  emergency  blow. 

(b)  Followon  conditions  of  alternate  recovery  procedures  are  the  same 
as  5c(3)(a)  except  MBT  not  blown  and  ahead  speed  -  0  and  up  angle 
not  closely  controllable. 

d.  Determine  Action  Required  to  Complete  Recovery  -  Identify  desired 
(safe)  operating  envelope  and  identify  action  required  using  infor¬ 
mation  of  5jc. 

e.  Complete  Casualty  Recovery 

(1)  Representative  action  for  completion  of  basic  recovery  procedure. 

(a)  Secure  MBT  blow. 

(b)  If  ascent  continues  at  approximately  same  rate  and  angle  remains 
controllable,  decrease  up  angle  to  level  off  ship  at  desired  depth. 

(c)  If  depth  can  be  maintained  with  slight  down  angle,  adjust  speed  to 
between  5  and  10  knots  and  cycle  vents  (forward  and  aft). 


(d)  May  pressurize  flooded  compartment  when  ship  is  on  or  near  sur- 
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(2)  Representative  action  for  completion  of  alternate  recovery  proce¬ 
dure  same  as  5js(l). 

(3)  .Representative  action  for  completion  of  alternate  recovery  proed-' 

dare,  '  •  . 

(a)  Start  up  power  plant  in  accordance  with  emergency  procedure*.  *-i* 

(b)  Regulate  MBT  blow  and  pump1  variable  tanks  to  maintain  a  safe  atv< 
titude  and  a  depth  consistent  with  the  tactical  situation. 

(c)  When  speed  of  5  to  10  knots  is  attained,  perform  actions  of  5ejl). 

tt  -  ATMOSPHERIC  CONTAMINATION 

• 

1.  RECOGNITION 

s  .  , 

a_,  Initial  Conditions  -  The  submarine  is  assumed  to  be  operating  at 
deep  depth.  Speed  is  8  to  15  knots.  Buoyancy  is  slightly  positive.: 

b.  Detection  -  The  presence  of  toxic  gases  will  be  detected  by  local;  ■: 
personnel  directly  in  some  cases  by  sensing  odors,  eye  and  throat 
irritations,  headaches  and  nausea.  In  other  cases  abnormal  con- 
.  centrations  will  .be, detected  by  the  Medical  Department  while  per¬ 
forming  periodic  inspections  using  installed  monitoring  equipment 
and  portable- detection  and  analyzing  equipment;  Gaces*,  inspected 
sources,  method  of  detection  and  personnel  involved  are  given  in 
-  the  attached:  table.  * 


Z.  DECISION  MAKING 

The  -OOD  and  MO,  upon  receiving  word  that  toxic  gas  is  present, 
must  first  determine  the  type,  amount  (or  lack),  and  location. 

This  information  may  be  included  in  the  initial  report  by  local  per¬ 
sonnel,  or  analysis  may  be  required  using  installed  and/or  portable 
detection  and  analyzer  equipment. 

The  seriousness  of  atmospheric  contamination  or  oxygen  lack  must 
be  assessed  {see  Table  D-I).  The  capability  for  emergency  air  mb 
vitalization  will  be  evaluated  if  applicable.  Included  in  this  consid- 
:  i  erationwill  be. the  .possible  use  of  the  emergency  oxygen- supply  or. 
chlorate  candles,  use  of  .GO^  absorbent  (1>:GH),  operation  of  the 

second  CO-H^  burner,  and/or  use  of  high-pressure  air. 

The  need  to  decrease  depth  for  purposes  of  emergency  ventilation 
.is -determined.  ' ' 
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3.  CORRECTIVE  ACTION 

a.  OOD 

(1)  Pas*  the  word  to  all  hands  via  1  MC. 

(2)  Sound  the  General  Alarm. 

(3)  Place  the  General  Emergency  Bill  into  effect. 

(4)  'Direct  immediate  action  to  locate  and  eliminate  the  source  of  toxic 
gas  generation  and/or  isolate  the  affected  compartment. 

(5)  If  applicable,  implement  Emergency  Air  Revitalization  portion  of 
Air  Revitalization  Bill. 

(6)  If  consistent  with  the  tactical  situation  and  the  state  of  emergency, 
direct  the  ship's  rise  to  snorkel  depth  or  to  the  surface. 

(7)  Order  emergency  ventilation. 

b.  DO 

(1)  The  diving  officer  will  plane  up  to  snorkel  depth  or  surface  as  di¬ 
rected  by  the  OOD. 

(2)  He  will  prepare  to  emergency  ventilate  and  execute  the  order  on 
command  of  the  OOD. 

c.  Local  Personnel  -  Upon  discovery,  local  personnel  will  pass  the 
word  to  control  giving  type  of  contamination  cr  Oy  lack,  amount, 

and  compartment  name.  Carry  out  provisions  of  General  Emer¬ 
gency  Bill  and  Compartment  Bills  for  toxic  gas,  including  (1)  shut 
and  dog  WT  doors  or  as  necessary  to  limit  spread  of  toxic  gas  and 
{2}  break  out  and  be  ready  to  don  EBS  masks. 

d.  MO  -  Determine  type  of  toxic,  gas  and  concentration.  Treat  af¬ 
fected  ’"'raonnel.  Advise  the  Commanding  Officer  of  the  physio¬ 
logical  hazard  in  each  case. 


4.  INFORMATION  FLOW 

Communication  flow  for  this  casualty  is  comparable  to  that  for  fire; 
with  the  exception  that  there  is  a  definite  communication  link  be¬ 
tween  the  OOD/CO  and  the  MO. 
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5.  FOLLOWON  ACTION/FEEDBACK 

a.  Results  -  Indication  of  Results  of  Initial  Action 

(1)  Local  personnel  observation  of  the  status  of  contamination;  success 
in  identifying  type  and  source,  risk  of  toxic  gas  spreading,  com¬ 
pleteness  of  isolation  and  ventilation,  and  effects  of  contamination 
and  isolation  on  other  systems. 

(2)  Control  room  reports,  on  local  and  affected  compartment  observa¬ 
tions  and  ship  status,  for  example,  depth,  speed,  and  attitude. 

•  4 

b.  Determine  Supplemental  Actions  Required 

<u  Indication  of  Followon  Results 

(1)  Local  personnel  observation  of  the  status  of  contamination:  suc¬ 
cess  in  identifying  type  and  source,  risk  of  toxic  gas  spreading, 
completeness  of  isolation  and  ventilation,  and  effects  of  contami¬ 
nation  and  isolation  on  other  systems. 

(2)  Control  room  reports  on  local  and  effected  compartment  observa¬ 
tions  and  ship  status,  for  example,  depth,  speed,  and  attitude. 

d.  Determine  Action  Required  to  Complete  Recovery  -  Identify  desired 
safe  operating  envelope  and  identify  action  required. 

e.  Complete  Casualty  Recovery 

(1)  Local  personnel  (includes  COW,  OGD,  DO,  and  damage  control 
party  if  required). 

(a)  Inspect  locus  of  contamination 

(fc)  Commence  emergency  ventilation,  if  required. 

(c)  Restore  equipment  to  operation  -when  safe  to  do  so. 

(d)  Upon  orders  from  control  restore  normal  ventilation  lineup. 

(2)  Control  Room 

(a)  Order  emergency  ventilation  of  involved  areas,  if  required.' 

(b)  Order  personnel  protection  (EBS/OBA)  equipment  secured. 

(c)  Order  depth,  speed,  trim,  etc. ,  to  operate  ship  within  safe  oper¬ 
ating  envelope  consistent  with  tactical  situation. 
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I  -  COLLISION:  SURFACED 

•  i  i  . 

1.  RECOGNITION 

■5/  jjpitial  Conditions  -  Ship  is  at  sea  with  normal  steaming  watch  set. 
OOD  and  two  lookouts  are  on  the  bridge.  Upper  and  lower  "bridge 
access  hatches  are  open.  A  speed  of  TO  to'  25  knots  is  as sumed. 

b.  Detection  -  Sharp  roll  and  heavy  vibration  are  ielt.  Sound  of  im-  • 
pact  is  heard, 

L*  Verification  -  Other  ship  and  occurrence  of  casualty  may  be  ob¬ 
served  from  the  bridge  if  personnel  are  not  lost  or  incapacitated. 

2.  DECISION  MAKING 

Implement  the  Collision  Bill,  the  General  Emergency  Bill,  and 
other  applicable  emergency  bills  such  as  fire  and  flooding. 

3.  CORRECTIVE  ACTION 
a.  OOD/CO/PO 

{1)  Sound  the  Collision  Alarm. 

(2)  Pass  the  word,  "collision  (location)"  on  1  MC. 

(3)  Maneuver  ship  to  maintain  control  and  minimize  flooding. 

_b.  COW/Atodliaryman  of  the  Watch 

(1)  Shut  induction  and  ventilation  valves. 

(2)  Ensure  that  soundpowered  phones  are  manned  and  that  proper  use 
is  made  of  telephone  circuits. 

jc.  EOOW 

(1)  Secure  the  battery  charge  if  in  progress. 

(2)  Secure  the  diesel  engine  if  running. 

(3)  Shut  the  outboard  and  inboard  engine  snorkel  exhaust  valves. 

(4)  Place  a  second  MG  and  TG  on  the  line  and  be  ready  to  answer  a  bell 
cm  the  main  engines. 

(5)  Order  2RUL  watch  to  stand  by  the  drain  pump  and  to  start  the 
priming  pump. 
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jL  All  Hands 

{ I )  Shut  the  bulkhead  flappers  and  deck  hatches,  including  the  lower 
bridge  access  hatch. 

(2)  Shut  and  dog  all  WT  doors. 

(3)  Execute  compartment  collision  bills. 

(4)  Be  prepared  to  cope  with  flooding. 

(5)  Be  prepared  to  fight  fires. 

{6}  Be  prepared  to  isolate  electrically  any  compartment  that  suffers 
'major  flooding. 

4.  INFORMATION  FLOW 
Sound  the  collision  alarm. 

Pass  the  word  to  all  hands  over  V  MC. 

5.  FOLLOWON  ACTION/FEEDBACK 

a.  Results  -  Indication  of  Results  of  Initial  Action 
{!)  Location  and  nature  of  damage 

(2}  Status  of  essential  ship  systems;  electrical,  propulsion;  hydrau¬ 
lics,  control. 

(3)  Degree  of  isolation  of  collision  effects  such  as  fire  and  flooding. 
l>.  Determine  Supplemental  Actions  Required 

(1)  Complete  actions  of  3  above. 

(2)  Implement  applicable  emergency  bills. 
jc»  Indication  of  Foliowon  Results 

(1)  Location  and  caturo  of  damage. 

(2)  Status  of  essential  ship  systems;  electrical,  propulsion,  hydrau¬ 
lics,  control. 

(3)  Degree  of  isolation  of  collision  effects,  such  as  fire  and  flooding.  • 
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,d.  Determine  Action  Required  to  Complete  Recovery  or  Crew  Sur¬ 
vival  Action 

(1)  The  OOD/CO  will  assess  the  damage  and  status  of  essential  ship 
systems.  They  will  determine  the  location  and  direction  of  motion 
of  the  other  ship.  They  will  decide  on  emergency  procedures  to  be 
effected  and  the  safest  ship  operating  envelope  if  the  ship  can  be 
saved.  If  the  ship  cannot  be  saved  the  OOD/CO  will  execute  the 
Abandon  Ship  Bill. 

(2)  The  CO  will  make  the  decision  to  abandon  ship  "without  delay"  or 
with  phased  procedures. 

(3)  If  personnel  are  left  topside  or  lost  overboard.  Control  will  make 
the  decision  regarding  rescue.  Status  of  the  ship  will  be  evaluated 
in  making  this  determination. 

it*  Complete  Casualty  Recovery/or  Crew  Survival  Action 

{1}  Maneuver  the  ship  as  feasible  to  minimize  flooding  and  maintain 
the  ship  on  the  surface. 

(2).  Pressurize  the  flooded  compartment. 

{3}  Complete  action  to  isolate  and  control  fire  and/or  flooding. 

(4)  If  ship  cannot  be  saved,  implement  the  abandon  ship  bill. 

(5)  If  personnel  are  left  topside  or  washed  overboard  and  ship  control 
is  maintained,  implement  the  Man  Overboard  Bill  as  applicable 
consistent  with  ship  recovery  and  casualty  control. 

J  -  COLLISION:  SUBMERGED 

1.  RECOGNITION 

a.  Initial  Conditions  -  The  assumption  is  made  that  the  ship  must 
ascend  from  deep  submergence.  Speed  will  be  8  to  15  knots.  Rise 
angle  will  be  30  deg.  Ship  has  positive  buoyancy.  (Sea  state  may 
vary  from  1  to  6.  Surface  visibility  is  assumed  to  be  that  of  night¬ 
time  without  moon. } 

b.  Detection 

(1}  Detection  of  Impending  Casualty 

(a)  Sonar  contacts  may  or  may  not  be  received  below  periscope  depth. 


(fc)  Collision  may  be  perceived  as  imminent  (visual)  at  periscope  depth 
(contact  close  aboard,  bearing  rate  -  0  deg. ) 
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(2)  Detection  of  Existing  Casualty- 

Sharp  roll,  heavy  vibration,  and  sound  of  impact. 


2.  DECISION  MAKING  (OOD) 

If  sonar  contacts  are  received  below  periscope  depth,  OOD  will 
weigh  the  tactical  situation,  urgency  of  surfacing,  estimated  range 
of  nearest  contact,  evasive  capability  of  own  ship.  Courses  of  ac¬ 
tion  considered  will  include  leveling  off  at  safe  depth  to  conduct 
sonar  search  or  if  urgency  dictates,  raising  periscope  and  proceed¬ 
ing  to  surface.  In  the  latter  case  steps  will  be  taken  to  minimize 
damage. 

If  collision  appears  imminent  at  periscope  depth,  OOD  will  consider 
emergency  actions  to  avoid  collision  and  minimize  damage.  Ac¬ 
tions  considered  will  include  flood  tanks,  rudder  haraover,  dive, 
speed  change  -  ahead  full  or  emergency  back  as  appropriate  to 
avoid  collision  orminimize  damage. 

If  collision  occurs  without  forewarning,  the  GOD  control  will  follow 
the  General  Emergency  Procedures. 

3.  CORRECTIVE  ACTION 

sl.  Sonar  Contacts  -  If  sonar  contacts  are  received  below  periscope 
depth,  action  will  be  taken  as  follows: 

1.  Level  off  at  safe  listening  depth. 

2.  Slow  by  all  stop  or  backing. 

3.  Conduct  SONAR  search. 

4.  Change  course  (fish  tail}  to  ensure  complete 
sonar  search. 

5.  If  time  permit*,  track  contacts  to  determine 
direction  of  motion,  estimated  range,  and 
bearing  rate. 

6>  Maneuver  ship  to  avoid  zero  bearing  rate 
contacts. 

7.  Set  Condition  Baker,  that  is,  shut  and  dog 
WT  doors,  shut  bulkhead  flappers,  shut  all 
main  vents. 

8.  Raise  the  highest  periscope. 

9.  Proceed  smartly  to  periscope  depth;  perform 
visual  periscope  checks. 

ID.  As  soon  as  periscope  breaks  water,  conduct 
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a  surface  search  on  low  power.  If  contacts 
appear  at  safe  range,  shift  to  high  power  and 
conduct  second  search. 

Jb.  Collision  -  If  collision  appears  imminent  at  periscope  depth,  action 
will  be  taken  as  follows: 

1.  Sound  collision  alarm. 

2.  Order  emergency  deep  or  emergency  back  as 
appropriate  to  avoid  collision. 

3.  Maneuver  ship  to  minimize  damage  and/or 
flooding. 

4.  Lower  all  masts  and  periscope  if  undamaged. 

5.  Pass  the  word. 

If  the  collision  occurs,  action  will  be  taken  as  follows: 

1.  Control  room 

a.  Sound  collision  alarm. 

b.  Pass  the  word. 

c.  Maneuver  the  ship  to  minimize  damage 
and/cr  flooding. 

d.  Lower  masts  and  periscopes  if  it  can  be 
determined  they  are  undamaged. 

e.  Shut  ail  main  vents. 

f.  Shut  cutbo&rd  and  inboard  inductions  and 
ventilation  exhaust  valaves, 

g.  If  snorkeling,  secure  snorkeling. 

h.  Secure  air  revitalization  procedures  if 
in  progress. 

2.  EOOW 

a.  Secure  battery  charge  if  in  progres's. 

b.  Secure  diesel  engine  if  running. 

c.  Shut  the  outboard  and  inboard  engine  ex¬ 
haust  valves. 

d.  Order  EP-UL  watch  to  stand  by  the  drain 
pump  and  to  start  the  priming  pump. 

e.  Place  a  second  MG  and  TG  on  the  line 
and  be  ready  to  answer  any  bells  on  the 
main  turbines. 

3.  All  hands 

a.  Shut  bulkhead  flapper  and  deck  hatches, 
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including  the  lower,  bridge. access  hatch. 

b.  Shut  and  dog  all  -WT  doors. 

c.  Execute  compartraenLccllision  bills.. 

d.  Be  prepared  to  cope  with  flooding,  using 
available  mate  rials. 

e.  Be  prepared  to  fight  fires;  isolate  steam, 
water,  chlorine,  and  oil  leaks. 

f.  Be  prepared  to  isolate  electrically  any 
compartment  that  suffers  major  flooding. 

g.  Report  nature  and  location  of  damage. 


4.  INFORMATION  FLOW 
Sound  the  collision  alarm. 

Pass  the  word  to  all  hands  over  IMC. 


5.  FOLLOWON  ACTION/FEEDBACK 
a.  Results  -  Indication  of  Results  of  Initial  Action 


(1)  Results  of  action  to  avoid  imminent  collision  is  the  same  as  3a  and 

3b.  “ 

(a)  Avoidance  or  nonavoidance  of  collision. 

(b)  Location  and  motion  of  other  ship.  . 

(c)  Ship  status:  direction,  depth,  depth  rate,  speed,  etc. 

(2)  Results  of  action  to  combat  collision  effects. 

(a)  Reported  location  and  nature  of  damage. 

(b)  Status  of  essential  ship  systems:  electrical,  propulsion,  hydrau¬ 
lics,  control. 

(c)  Degree  of  isolation  of  collision  effects,  such  as  fire  and  flooding. 

(d)  Ship  control  status  and  rates:  speed,  depth,  attitude. 

b.  Determine  supplemental,  actions  required  -  Complete  actions  of  3. 


Indication  of  Fouowoa  Results  -  Same  as  5a 
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Determine  Action  Required  to  Complete  Recover 


(1)  If  imminent  collision  is  detected  and  successfully  avoided  by  going 
deep,  etc.  the  OOD  determines  the  location  and  direction  of  the 
other  ship  and  of  other  contacts.  Then  he  will  determine  maneuv¬ 
ers  required  to  remain  clear  and  to  return  to  a  safe  ope  ratine  en¬ 
velope. 

(2)  If  collision  is  sustained,  the  OOD  or  DO  assesses  the  damage  and 
the  status  of  essential  ship  systems.  Ke  determines  the  location 
and  direction  of  motion  of  the  other  ship.  He  decides  on  emergency 
procedures  to  be  effected  and  the  safest  ship  operating  envelope. 

e.  Complete  Casualty  Recovery 


(1)  Representative  action,  if  imminent  collision  was  averted 

(a)  Level  off  at  safe  listening  depth. 

(b)  Adjust  speed. 

(c)  Regain  trim  desired  for  depth  and  sea  state. 

(a)  Maneuver  to  remain  clear. 

(e)  Secure  from  collision  quarters  when  ship  is  no  longer  in  danger, 
that  is,  secure  from  Condition  Baker  and  restore  normal  watch 
routine. 


(2)  Representative  Action  if  Collision  was  Sustained 

(a)  Ship  contjcl  -  Level  off  at  safe  listening  depth;  adjust  speed  to 
maintain  depth  consistent  with  damage 


(b)  Damage  control  -  Carry  out  provisions  of  other  emergency  bills  as 
required  (flfce,  flooding,  etc. }. 
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TRAINING  REQUIREMENTS  ANALYSIS  AND 
CREW  POSITION  RESPONSIBILITIES 


I  -  CASUALTIES):  PLANE  AND  RUDDER  FAILURES 

A  -  PERSONNEL;  HELMSMAN,  STERN  PLANESMAN,  BO,  GOD, 
COW,  OFF*. LOOKOUT  {OR  LEE  HELMSMAN) 

B  -  PART  TASK  GROUPING 

1.  HELMSMAN  RESPONSIBILITIES 


The  helmsman  responsibilities  are: 
I.  Select  control  mode. 


Select  course  and  depth  on  AMC  control 
panel. 

Ring  up  ordered  engine  bells  and  acknow¬ 
ledge  orders. 

Control  (normal)  rudder  to  gain  and  maintain 
ordered  course. 

Control  (normal)  fairwater  planes  at  moder¬ 
ate  to  shallow  depth  to  reach  and  maintain 
ordered  depth. 

Monitor  indicators  to  ensure  correct  oper¬ 
ation  of  indicators,  fairwater  planes,  and  ' 
rudder  and  to  ensure  correct  operation  of 
the  ship: 

Combined  instrument  unit  indicators  are 
gyro  course,  rudder  angle,  depth,  trim  an¬ 
gle,  depth  error,  depth  rate,  and  course  er¬ 
ror. 

Other  indications  are  deep  depth  gage,  shal¬ 
low  depth  gage,  digital  depth  indicator,  speed 
indicator,  engine  order  indicator,  gyro  course 
indicator,  fairwater  planes  angle  (normal  and 
emergency),  rudder  angle  (normal  and  emer¬ 
gency),  and  Magnesyn  Indicator. 

Notify  DOOW  of  improper  indications  or  fail- 


© 


Te*t  periodically  plane  and  rudder  control 
(both  normal  and  emergency  modes). 

Switch  plane  and  rudder  control  to  emergency 
power,  activating  power  transfer  pilot  valves 
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(or  700  psi  air  in  case  of  594  class  ships)  if 
required. 

10.  Test  and  operate  planes  in  rate  control  (emer¬ 
gency  power). 

11.  Request  the  lee  helmsman  to  man  emergency 
steering  station. 

12.  Request  lineup  of  hydraulic  system  for  emer¬ 
gency  positioning  pump  operation:  (a)  fair- 
water  planes  -  lee  helmsman,  (b)  stem  planes 
and  rudder  -  aft  auxiliary  electrician  on 
phones;  engine  room  upper  level  watch  or 
machinery  watch  supervision  on  controls. 

13.  Exercise  combined  control  of  steering  and 
planes  using  single  stick  (optional  task). 

14.  Open  or  close  valve,  as  appropriate,  to  op¬ 
erate  or  isolate  shallow  depth  gage.  Depth 
limit  for  safe  gage  operation  is  about  200  ft. 

15.  Acknowledge  and  report  fulfillment  of  orders 
by  OOD  and  DO. 

16.  Operate  fairwater  planes  to  compensate  for 
stem  plane  failure  or  as  directed  by  the  DO. 

2.  STERN  PLANESMAN  RESPONSIBILITIES 

The  stem  planesman  responsibilities  are: 

1.  Select  control  mode. 

2.  Select  depth  control  mode. 

3.  Select  course  and  depth  control  on  aMC  con¬ 
trol  panel. 

4.  Control  stern  planes  (at  moderate-to- shallow 
depth)  and/or  slow  speed  to  maintain  desired 
ship  angle. 

5.  Control  stem  planes  at  deep  depth  to  main¬ 
tain  depth  and  angle. 

6.  Monitor  indicators  to  ensure  correct  oper¬ 
ation  of  indicators  and  stern  planes  and  to 
ensure  correct  operation  of  ship. 

Combined  instrument  unit  indicators  are 
gyro,  rudder  angle,  depth,  trim  angle,  depth 
error,  depth  rate,  and  course  error. 

Other  indications  are  deep  depth  gage,  shal¬ 
low  depth  gage,  digital  depth  indicator,  speed 
indicator,  stem  planes  angle  indicator  (normal 
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and  emergency),  trim  angle  bubble  indicator, 
and  hydraulic  and  electrical  system  alarms. 

7.  Notify  DO  of  improper  operation  or  failure. 

8.  Test  plane  control  periodically  in  both  normal 
and  emergency  modes. 

9.  Switch  stern  plane  control  to  emergency  power, 
activating  power  transfer  pilot  valves  (or  700 
psi  air  in  case  of  594  class  ships). 

10.  Test  and  operate  planes  in  rate  control  (emer¬ 
gency  power). 

11.  (Optional  task)  Exercise  combined  control  of 
steering  and  planes  using  single  stick. 

12.  Acknowledge  and  report  fulfillment  of  orders 
by  DO. 


3.  DO  RESPONSIBILITIES 

The  prerequisites  for  detection  and  prevention  of  impending  casu¬ 
alties  are: 

1.  Perform  trim  analysis  and  control. 

2.  Monitor  plane  angles  used  by  helmsman  and 
planesman  to  ensure  planes  are  operated  ju¬ 
diciously  consistent  with  speed  and  depth. 

3.  Order  ship  angle  or  depth  rate  during  depth 
change  for  safe  operation  consistent  with 
speed  and  depth, 

4.  Order  steering  and  diving  control  mode. 

5.  Coordinate  activities  of  planesmen  to  ensure 
minimum  operation  of  control  surfaces. 

6.  Supervise  diving  and  surfacing  evolutions. 

7.  Monitor  BCP  and  diving  stand  indications  to 
ensure  status  of  equipment  is  safe  for  sub¬ 
merged  operation. 

8.  Keep  informed  of  the  navigational  factor  in¬ 
volving  safe  submerged  control  of  ship. 

9.  Keep  informed  of  power  plant  status. 

10.  Monitor  and  compensate  for  sound  velocity 
conditions  (layers). 

11.  Acknowledge  and  carry  out  orders  received 
from  OOD. 

12.  Order  plane  and  rudder  control. 

13.  Order  shift  of  steering  and  diving  control 
mode. 
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14.  Request  speed  change  if  not  ordered  by  OOD. 

15.  Detect  improper  indication  or  operation  of 
control  surfaces. 

16.  Order  blowing  of  MBT's  (normal  or  emer¬ 
gency). 

17.  Order  sound  powered  phone  communication 
established  with  engine  room. 


4.  OOD  RESPONSIBILITIES 

The  OOD  responsibilities  are: 

1.  Supervise  the  overall  operation  of  ship  con¬ 
trol  party. 

2.  Monitor  and  supervise  control  of  depth, 
course,  and  speed. 

3.  Evaluate  tactical  and  navigational  factors 
involving  safe  control  of  ship. 

4.  Use  periscope,  sonar,  and  UQC  to  ensure  that 
tactical  situation  .will  permit  safe  perform¬ 
ance  of  planned  depth  change  or  maneuver. 

5. - — Keep  informed  of  power  plant  capabilities. 

6.  Keep  informed  of  blow  system  status  includ¬ 
ing  air  bank  pressures  and  vent  positions. 

7.  Control  rig  status. 

8.  Select  angle  for  depth  change  and  set  plane 
angle  limits. 

9.  Order  mode  of  control  for  control  surfaces. 

10.  Order  emergency  recovery  actions  consis¬ 
tent  with  casualty,  including  engine  orders  r 
MBT  blow  and  venting,  depth  changes,  and 
rudder  movements. 

11.  Ensure  that  nature  of  emergency  is  passed 
on  1  MC. 

12.  Notify  ships  in  vicinity  as  appropriate;  order 
firing  of  emergency  recognition  signal. 


5.  LEE  HELMSMAN  RESPONSIBILITIES 

The  lee  helmsman  responsibilities  are: 

1.  Perform  emergency  control  of  rudder  (op¬ 
erates  emergency  positioning  control  of  the 
fairwater  planes). 
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2.  Man  control  room  phones  as  directed. 

6.  COOW  RESPONSIBILITIES 

The  COOW  responsibilities  are: 

1.  Emergency  blow  MBT’s  in  event  of  stern 
planes  fail  on  dive, 

2.  Secure  blow,  and  vent  the  tanks  as  ordered 
by  DO. 

3.  Monitor  and  operate  hydraulic  plants  as  re¬ 
quired.  This  includes  selecting  pump  oper¬ 
ation,  monitoring  accumulator  levels,  moni¬ 
toring  overtemperature  and  low  air  pressure 
alarms  and  operating  control  power  transfer 
switch. 

4.  Operate  trim  system  as  ordered  by  DO. 

5.  '  Monitor  air  bank  pressures  and  blow  system 

lineup. 

6.  Acknowledge  and  report  fulfillment  of  orders 
to  OOD  and  DOOW. 


H-  CASUALTY(IES):  FIRE 

A  -  PERSONNEL:  LOCAL  WAT CBST ANDERS,  ALL  HANDS,  OOD 
DO,  EOOW,  COW,  HELMS  MAN/PLANES  MAN 

B  -  PART  TASK  GROUPING 

1.  LOCAL  PERSONNEL  RESPONSIBILITIES 

The  local  personnel  responsibilities  are: 

1.  Exercise  precautions  to  minimize  possibility 
and  seriousness  of  fire  by  observing  of  ship’s 
regulations  and  standard  safety  precautions. 

2.  Detect  presence  of  fire  or  overtemperature 
condition. 

3.  Identify  type  of  fire,  its  location,  and  equip¬ 
ment  involved. 

4.  Pass  word  to  control  or  maneuvering  as  ap¬ 
propriate. 

5.  Combat  fire  with  means  available  appropriate 
to  type  of  fire. 

6.  Call  for  assistance  in  rigging  compartment  in 
accordance  with  compartment  bill. 
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7.  De-energize  affected  electrical  equipment. 

8.  Remove  all  explosive  and  combustible  ma¬ 
terial. 

9.  Provide  amplifying  reports  as  soon  as  prac¬ 
ticable. 


2.  ALL  HANDS  RESPONSIBILITIES 

The  all  hands  responsibilities  are: 

1.  Designated  persons  proceed  to  scene  of 
emergency  in  accordance  with  ship’ s  general 
emergency  bill. 

2.  Shut  bulkhead  flappers. 

3.  Secure  compartment  recirculation  blowers 
and  precipitrons. 

4.  Secure  bleeding  oxygen  in  ship. 

5.  Shut  all  deck  hatches. 

6.  Set  watertight  doors  of  nonaffectea  compart¬ 
ments  in  accordance  with  general  emergency 
and  fire  hills. 

7.  Break  out  and  stand  ready  to  don  EBS  masks. 

8.  Pass  fire  extinguishers  one  compartment 
toward  scene  of  fire  maintaining  at  least  two 
extinguishers  at  each  bulkhead  adjacent  to 
fire. 


3.  OOD  RESPONSIBILITIES 

The  OOD  responsibilities  are: 

1.  Sound  general  alarm  and  pass  word  as  to  na¬ 
ture  and  location  of  emergency. 

2.  Evaluate  tactical  and  navigational  situation. 

3.  Evaluate  possible  ship  control  action,  taking 
into  account  seriousness  of  fire  and  readiness 
to  meet  subsequent  casualty  that  may  result 
from  fire. 

4.  Order  ship  control  actions  as  appropriaxe  to 
prepare  ship  for  emergency  ventilation. 

5.  Order  lineup  for  emergency  ventilation,  if 
required. 

6.  Ensure  all  hands  action  is  completed  in  accord¬ 
ance  with  general  emergency  and  casualty  hilL 

238 


— *1 


NAVTRADEVCEN  1813-1 


APPENDIX  E 


DOOV,r  RESPONSIBILITIES 


The  DOOW  responsibilities  are: 

1.  Implement  changes  in  depth  as  ordered  by 
OOD. 

2.  Shut  outboard  and  inboard  inductions  and 
ventilation  exhaust  valves. 

3.  Stand  prepared  to  surface,  if  ordered. 


5.  SCOW  RESPONSIBILITIES 

The  EOOW  responsibilities  are: 


Pass  w^rd  to  control  and  sound  general 
alarm. 

Take  charge  at  scene  and  supervise  control 
until  relieved. 

Estimate  effects  of  firs  and  local  corrective 
action  on  propulsion,  electrical,  and  hydrau¬ 
lic  systems  and  report  to  control. 

Estimate  effect  of  fire  and  corrective  action 
on  ship's  atmosphere  and  report  to  control. 

Ensure  thafeaffected  compartment  is  isolated. 

Evacuate  all  nonwatchst&nding  personnel  un¬ 
less  required  at  the  scene. 

Order  EBS/GBA  used  a<?  required. 

Secure  battery  charge  if  is  progress. 

Secure  diesel  engine  if  running. 

Shut  outboard  and  inboard  engine  snorkel  ex¬ 
haust  valves. 

Place  second  MG  and  TG  on  line. 

Keep  GOD  informed  of  any  significant  changes 
or  plant  limitations. 


COOW  RESPONSIBILITIES 

The  COOW  responsibilities  are: 

1,  Monitor  communications  and  act  as  communi¬ 
cator  for  OOD. 

2t  Estimate  effect  of  fire  and  local  corrective 
action  on  electrical,  control,  navigation, 
raday/sonar,  and  weapon,  systems. 


239 


HAVTRADEVCEN  1813-1 


APPENDIX  E 


3.  Estimate  effort  of  fire  and  corrective  action 
on  ship's  atmosphere. 

4.  Supervise  handling  of  emergency  from  con¬ 
trol  until  relieved  by  officer. 

5.  Ensure  that  affected  compartment  is  isolated. 

6.  Cali  for  emergency  assistance,  as  required. 

7.  Evacuate  all  nonwatchstanding  personnel  un¬ 
less  required  at  scene. 

8.  Order  EBS/OBA  used  as  required. 

9.  Keep  maneuvering  and  control  informed  of 
status. 


in  -  CAS  HALT  Y (IES } :  FLOODING 

A  -  PERSONNEL:  LOCAL  WATCHSTANDER,  OOD,  DO,  EOOW 
COW,  HELMSMAN/PLANESMAN 

B  -  PART  TASK  GROUPING 

1 .  LOCAL  WATCHSTANDER  RESPONSIBILITIES 

Thr  local  watcbstander  responsibilities  are: 

1.  Monitor/check  potential  sources  of  flooding. 

Z,  Recognize  degree  of  water  influx;  differenti¬ 
ate  water  spray  from  other  high  pressure 
sprays. 

3.  Determine  location  and  source  of  flooding  or 
leakage  if  feasible. 

4.  Determine  equipment  that  may  be  immedi¬ 
ately  affected  by  the  water. 

5.  Report  leakage  or  flooding  to  control  or 
maneuvering  as  appropriate. 

6.  Sound  collision  alarm,  if  locally  available. 

7.  Isolate  affected  system  by  closing  valves  up¬ 
stream  and  downstream  of  unit,  manually 
closing  backup  valves  and  hull  valves  for 
which  controls  are  available. 

8.  If  unable  to  close  valves  locally,  request 
assistance  (all  sea  water  piping  4  in.  or 
larger  will  be  isolatable  from  maneuvering 

in  engine  and  AMS/AMR  No.  2  compartments). 

.  9.  Take  emergency  damage  control  action  as 
feasible. 
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10.  Call  for  assistance  in  manning  phones  and 
carrying  out  compartment  isolation  proced¬ 
ure;  e.  g. ,  shut  bulkhead  flappers  and  deck 
hatches,  dog  watertight  doors,  and  carry  out 
provisions  of  compartment  collision  bills. 

11.  Electrically  isolate  affected  area. 

12.  Make  followup  amplifying  report  of  casualty 
status  and  success  in  isolating  casualty. 


OOD  RESPONSIBILITIES 

The  OOD  responsibilities  are: 

1.  Pass  word  over  1  MC,  denoting  nature  and 
location  and  sound  the  collision  alarm. 

2.  Supervise  overall  operation  of  ship  control 
party. 

3.  Monitor  and  supervise  control  of  ship's  angle- 
depth  and  depth  change  rate,  and  speed. 

4.  Keep  informed  of  status  of  essential  systems 
for  recovery  by  observation  and  phone  com¬ 
munication:  propulsion,  hydraulics,  MBT 
blow  system,  and  communications. 

5.  Evaluate  tactical  situation  and  take  into  ac¬ 
count  special  instructions  from  CO. 

6.  Inform  CO/XO  of  casualty  situation. 

7.  Control  rig  status. 

8.  Order  emergency  recovery  actions  consistent 
with  casualty  including  engine  orders,  MBT 
blow  and  venting,  depth  changes,  and  rudder 
movements. 

9.  Notify  ships  in  the  vicinity  as  appropriate; 
order  firing  of  emergency  recognition  signal. 

DO  RESPONSIBILITIES 

The  DO  responsibilities  are: 

1.  Maintain  trim  control  so  as  to  facilitate  con¬ 
trol  and  recovery  in  case  of  flooding. 

2.  Monitor  ship  control  indications  to  detect  ab¬ 
normal  response  due  to  undetected  flooding  or 
leakage. 

3.  Monitor  BCP  and  diving  stand  indicators 
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to  ensure  status  of  equipment  is  safe  for  sub¬ 
merged  operation. 

4.  Keep  informed  of  tactical  navigational  factors 
involving  safe  submerged  control  of  ship. 

5.  Acknowledge  and  carry  out  orders  of  OOD. 

6.  Order  emergency  ship  control  recovery  ac¬ 
tions  in  coD3onance  with  orders  from  OOD, 
including  plane  and  rudder  angles,  ship  an¬ 
gle,  MBT  blowing/venting,  and  speed  changes. 

7.  Order  shift  of  steering  and  diving  control 
mode  if  required. 

4.  EOOW  RESPONSIBILITIES 

The  EGOW  responsibilities  are: 

1*  Verify  location  and  rate  of  flooding. 

2.  Review  status  of  essential  equipment. 

3.  Know  rig  status  of  sea  water  systems. 

4.  Take  charge  at  scene  and  supervise  control 
of  damage  until  relieved. 

5.  Remotely  activate  closure  of  ASW  hull  stop 
valves. 

6.  Isolate  affected  side  of  MSW  system 

a.  Secure  hull,  backup  and  cross-connect 
valves. 

b.  Secure  MSW  pump. 

c.  Secure  main  engine  steam  flow. 

d.  Shift  SSTG  loads  to  unaffected  side  and 
secure  steam  to  affected  SSTG. 

?.  Check  and/or  switch  main  coolant  system  to 
SLOW.  Answer  speed  bells  within  power 
plant  limitation, 

8.  Secure  battery  charge,  diesel  generator,  and 
outboard  and  inboard  engine  snorkel  exhaust 
valves. 

9.  Pass  word  to  control  and  sound  the  collision 
alarm.  Also  pass  word  to  engineering  watches. 

10.  Make  followup  amplifying  report  of  casualty 
status. 

I1J  Secure  diesel  engine  if  running. 


NAVTRADEVCEH  1813-1 


APPENDIX  E 


12.  Shut  outboard  and  inboard  engine  snorkel  ex-  ,  . 
haust  valves. 

13.  Place  second  MG  and  TG  on  line. 

14.  Keep  the  OOD  informed  of  any  significant 
changes,  or  plant  limitations. 


5.  COW  RESPONSIBILITIES 

The  COW  responsibilities  are: 

1.  Monitor  communications  and  act  as  communi¬ 
cator  for  OOD. 

2.  Monitor  air  bank  pressure  and  report  status 
to  OOD  and  DO. 

3.  Check  status  of  masts  and  other  hull  openings. 

4.  If  snorkeling,  secure  engine  and  shut  outboard 
induction  and  exhaust  valves. 

5.  Perform  emergency  operations  in  response 
to  orders  from  DO  and  OOD:  e.  g. ,  operate 
trim  pump,  operate  drain  pump  (SSBN  only), 
request  engine  room  operate  drain  pump 
(SSN),  actuate  MBT  blow  (emergency  or  nor¬ 
mal),  operate  vents,  and  start  second  lead 
pump. 

6.  Monitor  hydraulic  system  operation  and  take 
action  as  required  to  maintain  plane  and  rud¬ 
der  control  power. 


IV  -  CASUALTY(JE5):  ATMOSPHERIC  CONTAMINATION 
A  -  PSRSONNE'  ~OCAL  PERSONNEL,  MO,  OOD 
B  -  PART  TASK  GROUPING 

1.  LOCAL  PERSONNEL  RESPONSIBILITIES 

The  local  personnel  respons-ibilities  are: 

1.  Pass  word  to  control  of  maneuvering. 

2.  Carry  out  provisions  of  general  emergency 
bill  and  compartment  bills  for  toxic  ga3. 

3.  Shut  and  dog  WT  doors  of  affected  compart¬ 
ment. 

4.  Break  out  and  stand  ready  to  don  EBS  masks. 
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2.  MO  RESPONSIBILITIES 

The  MO  responsibilities  are: 

1.  Determine  type  of  toxic  gas  and  concentra¬ 
tions  if  possible. 

2.  Advise  CO  of  hazard  involved. 


3.  OOB  RESPONSIBILITIES 

The  OOD  responsibilities  are: 

1.  Pass  word  and  sound  the  general  alarm. 

2.  Direct  action  to  locate  and  eliminate  source 
of  toxic  gas  generation. 

3.  Emergency  ventilate  using  low  pressure 
blower  on  orders  of  CO. 


4.  DO  RESPONSIBILITIES 

The  DO  responsibilities  are: 

1.  Prepare  for  emergency  ventilation  and  emer¬ 
gency  ventilates  on  orders  from  OOD. 

2.  Change  depth  as  ordered  by  OOD. 


V  -  CASUALTY (IES):  COLLISION 
A  -  PERSONNEL:  OOD/CQ?  ALL  HANDS 
B  -  PART  TASK  GROUPING 
1.  OOD/CO  RESPONSIBILITIES 

The  OOD/CO  responsibilities  are: 

1.  Collision  prevention:  (a)  level  off  at  safe 
listening  depth,  (b)  slow  down,  (c>  conduct 
SONAR  search,  {d}  maneuver  ship  to  avoid 
zero  bearing  contacts,  (e)  set  condition 
BAKER,  (f)  raise  highest  periscope,  and 
(g)  proceed  smartly  to  periscope  depth;  per¬ 
form  visual  periscope  checks. 

2.  Reaction  to  imminent  collision:  (a)  sound 
collision  alarm  and  pass  word,  (b)  order 
emergency  deep  or  emergency  back  as  ap¬ 
propriate  to  avoid  collision,  (c)  maneuver 
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ship  to  minimize  damage  and/or  flooding, 
and  (d)  lower  all  masts  and  periscope  if  un¬ 
damaged. 

3.  Recovery  from  collision:  (a)  sound  collision 
alarm,  (b)  pass  word  to  all  hands  over  1  MC, 
(c)  maneuver  ship  to  maintain  control  and 
minimize  flooding,  (d)  order  masts  and  peri¬ 
scopes  lowered  if  it  can  be  determined  they 
are  undamaged,  (3)  order  all  main  vents  shut, 
(f)  order  outboard  and  inboard  inductions  and 
ventilation  exhaust  valves  shut,  and  (g)  order 
snorkeling  secured,  if  necessary. 


2.  ALL  HANDS  RESPONSIBILITIES 

All  hands  responsibilities  are  to  perform  general  emergency  and 
compartment  collision  bills  and  to  report  nature  and  location  of 
damage. 
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RECOMMENDED  CHARACTERISTICS  FOR  NEW  DYNAMIC 
SUBMARINE  CASUALTY  CONTROL  TRAINER  FACILITY 

1.  GENERAL  TRAINING  FACILITY  REQUIREMENTS  AND  ASSUMP¬ 
TIONS 

au  General 

The  dynamic  submarine  casualty  ship  control  trainer  should  be 
adaptable  to  simulate  all  types  and  classes  of  submarines  in  exist¬ 
ence  or  in  the  construction  process.  The  trainer  will  include  the 
capability  for  teaching  both  normal  and  emergency  procedures, 
since  effective  normal  performance  is  inextricably  interwoven 
with  casualty  prevention  and  effective  casualty/emergency  recov¬ 
ery  action, 

b.  Submarines  to  be  Simulated 

The  facility  should  be  capable  of  being  adapted  to  both  types  of  nu¬ 
clear  submarines,  SSN  and  SSBN.  Also,  the  device  as  adapted  to 
type  should  have  the  built-in  flexibility  sufficient  to  be  programmed 
at  the  training  centers  so  as  to  simulate  faithfully  ship  performance 
and  ship  system  characteristics  of  each  class  of  ship  within  the  type 
selected.  Programming,  equipment,  software,  and  procedures 
should  be  such  as  to  permit  change  of  the  trainer  from  class  to 
class  of  ship  to  be  simulated  with  a  minimum  of  skill  and  knowledge 
and  in  a  minimum  of  time. 

c.  Training 

(1)  General 

The  trainer  will  provide  a  means  for  training  in  the  skills  described 
as  Items  (2)  through  (5),  below. 

(2)  Team  Actions  Involved  in  Diving,  Surfacing,  and  Submerged  Control 
of  Today's  High-Speed  Deep-Diving  Nuclear  Submarines 

The  trainer  should  include  the  capability  to  demonstrate  and  provide 
practice  for  ship  personnel  progressively  from  simple  to  complex 
exercises  involving  (when  the  trainee  is  sufficiently  proficient  in 
normal  evolutions  and  procedures)  the  following: 

1.  Combined  heading  and  depth  changes  and  trim 
condition  effects 

Full  understanding  of  the  safe  operating  en¬ 
velope  (depth,  trim,  angle,  and  speed)  and 
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also  sea  state,  general  operating  situation, 
and  navigational  factors  (the  latter  two  being 
verbally  transmitted  by  the  operator  via  the 
communications  system) 

3.  Plane  casualties  and  flooding  emergencies, 
presented  singly  and  in  combination,  which 
are  likely  to  occur  in  each  of  the  named 
evolutions 

4.  Effects  on  the  ship's  performance  of  No.  1, 
above,  and  their  relationship  to  the  ship  op¬ 
erating  envelope,  such  as  depth  Land,  trim, 
and  ship  angle  and  speed,  and  also  to  the  gen¬ 
eral  operating  situation, a  sea  state,  and  navi¬ 
gational  factors. 

5.  Critical  recovery  factors  and  effects,  for  ex¬ 
ample,  time  required  to  stop  flooding,  planes 
and  rudder  action,  speed,  MBT  blow  and  vent, 
special -tank  (negative  or  hovering)  blow  and 
vent,  low-pressure  blow  systems,  compart¬ 
ment  isolation, a  etc. 

(3)  Normal,  Emergency,  and  Manual  Operation  of  Ship  Control  Systems 
Controllable  by  Ship  Control  Party 

As  described  in  Item  (2),  above,  when  trainees  have  gained  suffi¬ 
cient  proficiency  in  normal  operation,  the  device  should  have  the 
capability  to  demonstrate  the  effects  of  ship-control-system  mal¬ 
functions  on  normal  ship  operation  and  personnel  safety  and  on 
casualty/emergency  recovery  action. 

Examples  of  ship  systems^  for  which  malfunctions  will  be  simulated 
are  hydraulics,  propulsion  (speed),  electrical,  MC  communications , 
steam  piping,  auxiliary  salt  water  (ASW),  MBT  blow  and  vent,  and 
snorkel  and  mast  systems. 

(4)  Procedures  and  Capabilities  of  Recovery  from  Flooding,  Control 
Surface  Jamming,  Collision,  and  Other  Casualty/Emergency  Situa¬ 
tions 

As  described  above  in  Items  (2)  and  (3),  when  trainees  have  reached 


aWill  require  simulation  solely  by  communications  by  the  trainer  oper¬ 
ator  rather  than  by  use  and  any  simulation  logic  or  hardware,  although 
it  will  be  coordinated  with  simulated  physical  effects. 

^Most  system  malfunction  simulations  will  require  the  trainer  operator 
to  provide  the  simulated  malfunction  input  to  the  trainee  by  communi¬ 
cations  representing  initial  and  amplifying  reports  by  local  watchstand- 
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or  have  the  proper  level  of  proficiency,  the  effects  of  errors  (accu¬ 
mulated  from  years  of  submarine  operation  and  casualty  investiga¬ 
tion)  should  be  introduced.  In  particular,  it  should  be  possible  to 
demonstrate  sequential  effects  of  errors  that  have  followed  a  mis¬ 
understood  announcement  of  a  simple  malfunction  by  a  local  watch  - 
sfcander,  and  that  have  resulted  in  ship  sinkings  and  losses  of  men 
overboard.  Communications  should  be  particularly  emphasized  in 
Ibis  respect. 

(5)  Responsibilities  of  Personnel  in  Positions  of  OOD  (Conning  Officer), 
Diving  Officer,  BCP  Operator,  COW,  Helmsman/Fairwater  Planes - 
man.  Stern  Planesman,  and  L>ee  Helmsman 

All  these  personnel  should  be  subjected  to  the  training  implied  in 
Items  (2),  (3),  and  (4),  above. 

d.  Inherent  Capability 


The  trainer,  being  an  advanced  ship  casualty  control  team  trainer 
for  ships’  crews,  inherently  will  have  the  capability  for  basic  re¬ 
fresher  and  intermediate  training  in  submarine  control  for  indi¬ 
vidual  and  groups  of  individuals  tinder  both  normal  and  abnormal 
conditions,  even  though  the  use  of  the  advanced  trainer  to  develop 
basic  skills  is  not  an  economical  or  necessarily  most  effective  ap¬ 
proach. 

Trainees 

The  trainees  using  this  facility  will  be  submarine  officers  and  en¬ 
listed  personnel  possessing  varied  educational,  professional,  and 
submarine  operational  experience,  from  students  in  basic  subma¬ 
rine  school  to  submariners  with  many  patrol  missions.  The  train¬ 
ing  provided  in  any  scheduled  training  session  may  be  given  to  a 
group  of  individual  trainees  or  a  ship’s  team. 

Instruction 

A  recommended  training  program  and  exercises  should  be  furnished 
by  tiie  trainer  contractor  in  a  trainer  operating  manual  as  a  basis 
for  a  standardized  casualty  control  program.  Specific  training  ex¬ 
ercises  will  be  coordinated  between  the  using  command  and  the 
training  facility. 

Instructors 


The  instructors  will  be  facility  personnel.  They  should  be  officers 
who  are  qualified  in  nuclear  submarines.  They  will  be  assumed  to 
possess  a  full  under  stain  ding  of  the  varied  capability  of  the  training 
device.  The  instructor’s  understanding  of  the  device  will  be  the 
joint  responsibility  of  the  facility  personnel  and  the  device  contrac¬ 
tor.  This  will  include  the  capability  to  update  instruction  due  to 
applicable  state-of-the-art  changes. 
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|i.  Training  Session  Duration 

It  is  assumed  that  the  facility  will  be  capable  of  being  used  40  hr  a 
week  or  more.  The  assumed  length  of  a  training  problem  is  from 
1  to  4  hr.  A  capability  for  use  of  the  trainer  on  a  double-shift  basis 
is  recommended  to  be  compatible  with  training  centers  that  have 
high  trainer  utilization  requirements . 


2.  IMPLICATIONS  OF.  DIFFERENCES  IN  CLASSES  OF  SHIPS 

The  characteristics  recommended  later  in  Items  3  and  4  of  this  ap¬ 
pendix  will  apply  to  each  class  within  the  type  o:;  ship  being  simu¬ 
lated. 

The  trainer  design  should  provide  flexibility  that  '.Till  permit  the 
trainer  operators,  without  additional  special  skills,  to  readily 
change  the  computer  complex  and  simulated  ship-control  station 
from  class  to  class  so  as  to  represent  faithfully  the  training  party's 

3hip. 

The  required  capabilities  for  the  trainer  will  include  but  not  be 
limited  to: 

1.  Spare  wiring  in  cables  between  the  BCP,  div¬ 
ing  station,  and  computer  complex 

2.  Spare  plugs  in  the  simulated  BCP  and  diving 
station 

3.  Flexible  mountings  for: 

a.  BCP  panels 

b.  Diving -panels  indications 

c.  Planes/steering/AMC  mode  selector 
pedestal 

d.  Emergency  steering  control 

e.  Pilot  transfer  hydraulic  control  valves 

4.  Spare  computer  logic  and  input/output  equip¬ 
ment 

5.  For  conversion  between  SSN-  and  SSBN-types 
of  submarines,  a  capability  to  convert  or  ex¬ 
change  BCP  consoles  because  of  major  differ¬ 
ences  in  pedestals  and  the  inclusion  of  the 
missile  compensation  system  for  SSBN-type 
simulators;  this  is  recommended  for  factory 
change  or  field  retrofit. 
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3.  PHYSICAL  REQUIREMENTS 

The  dynamic  submarine  ship-control  trainer  should  include  a  ship- 
control  platform,  a  computer  complex,  and  an  operator  area.  The 
ship-control  platform  should  contain  the  steering  and  diving  station, 
ballast  control  panel,  adjacent  emergency /manual  controls,  instruc¬ 
tor's  remote  controls,  miscellaneous  system  components,  and  per¬ 
sonnel  accommodations.  It  should  have  the  following  characteris¬ 
tics: 


1.  The  cab  configuration  should  be  as  similar  as 
possible  to  that  of  the  ship  in  regard  to  the 
■workplace  environments  of  the  DO,  BCPO, 
and  planes  men.  The  OOD  station  should  be 
duplicated  only  in  terms  of  height  and  location 

2.  All  normal  and  alternate  controls  and  indica¬ 
tions  that  are  vital  for  ship  control  should  be 
provided.  Indications  should  he  duplicated. 

3.  The  platform  should  he  free  to  move  ±  45  deg 
in  pitch  and  ±  30  deg  in  roll  under  control  of 
the  platform  motion  system. 

4.  The  platform  should  have  sufficient  safety  in¬ 
terlocks  and  controls  to  ensure  personnel 
safety  under  any  mode  of  operation  of  the 
platform  motion  system. 

5.  The  instructor's  remote  controls  should  con¬ 
sist  of  a  remote  computer  RESET-HGLD- 
QPERATE  control  and  platform-motion  safety 
leveling  control. 

6.  The  platform  should  be  provided  with  safe 
riding  accommodations  for  the  following  per¬ 
sonnel: 

a.  Two  to  three  planesmen 

b.  One  to  two  ballast  control  panel  oper¬ 
ators 

c.  One  to  two  diving  officers 

d.  One  to  two  officers  of  the  deck/ conning 
officers 

e.  One  instructor 

f.  One  to  two  observers  (optional) 

The  computer  complex  should  be  adjacent  to  the  area  below  the  plat¬ 
form  and  should  contain  the  computer,  input/output  equipment,  main¬ 
tenance  workbench  area,  platform  motion  powerplant,  and  storage 
facilities.  The  arrangement  of  the  complex  and  the  area  below  the 
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platform  should  be  combined  to  enhance  the  accessibility,  sound  iso¬ 
lation,  safety,  air  conditioning  for  equipment  and  personnel,  mainte¬ 
nance,  storage,  and  record  keeping. 

The  operator  area  should  be  adjacent  to  and  at  approximately  the 
same  height  as  that  of  the  platform.  It  should  contain  the  oper¬ 
ator's  console,  scoring/monitoring  equipment,  and  an  observer/ 
critique  area.  It  also  should  provide  for  safe  entrance  and  exit  to 
and  from  the  platform.  The  operator’s  console  should  be  arranged 
and  situated  to  provide  the  operator  with  the  necessary  controls, 
communications ,  monitors,  (simulated  MC  and  sound  powered 
phone  systems)  and  observational  advantage  to  operate  the  trainer 
adequately  in  cooperation  with  the  instructor. 


4.  DYNAMIC  SIMULATION  REQUIREMENTS 

a.  General 

The  dynamic  submarine  ship- control  trainer  should  faithfully  simu¬ 
late  ship  sy3tems  and  hydrodynamics  for  the  purpose  of  casualty- 
control  training  as  recommended  in  Items  b  through  d,  below, 

b.  Ship  Systems  Simulation 

(1)  General 

The  ship  systems  simulated  should  bs  those  that  are  directly  moni¬ 
tored  and  controlled,  or  indirectly  monitored  and  controlled  through 
communications  by  the  ship  control  team.  These  systems  include 
electrical  and  hydraulic  control  power,  propulsion,  MBT  blow  and 
vent-  negative  tank  or  hovering,  trim  and  drain,  planes  and  rudder, 
missile  compensation,  low-pre36ure  blow,  emergency  propulsion, 
air  regeneration,  and  air  banks.  The  systems  controlled  should  be 
simulated  to  the  extent  that  all  essential  controls  and  indications  at 
the  control  station  are  provided  on  the  trainer  cs  a  one-to-one  cor¬ 
respondence  with  the  ships  being  simulated. 

For  the  systems  controlled,  the  logic  should  provide  for  erroneoiis 
operation  by  the  trainee  and  operator  control  of  the  portion  of  the 
system  to  b&  simulated  which  is  not  automatic  or  trainee  controlla¬ 
ble.  The  indications  should  have  time  lags  and  dynamic  responses 
that  approach  reasonably  the  time  lag3  and  dynamic  .responses  of 
the  compcirable  indications  on  the  ship  being  simulated.  The  simu¬ 
lated  outputs  (including  verbal  status  reporting;  or  systems  that 
controlled  aboard  ship  via  communications  with  local  watchstandai  , 
and  the  EOOW.  should  bs  controlled  or  provided  by  the  operator 
using  communications  and  on-off  or  variable  controls  as  appropri¬ 
ate.  The  systems  simulation  also  should  provide  for  the  insertion 
of  malfunctions  that  will  include  indication,  failures,  subsystem  fail¬ 
ures,  an«l  system  failures. 
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Individual  system  requirements  that  should  be  included  are  given  in 
Items  (2)  through  (6),  below. 

(2)  Steering  and  Diving  Systems  (Including  AMC) 

The  steering  and  diving  systems  will  provide  for  the  operation  of 
all  control  surfaces  in  all  modes  of  operation  (including  the  AMC 
system)  of  the  ship  simulated.  All  control-surface  position  indica¬ 
tions  should  reflect  the  rate  appropriate  for  each  mode  of  operation. 
The  dynamic  responses  of  the  ship  relative  to  mode  selection  and 
operation  should  be  exhibited. 

The  simulated  AMC  system  should  be  completely  operable  over  the 
same  range  as  that  of  the  ship  simulated.  The  trainer  operator 
should  be  able  to  jam  any  combination  of  the  control  surfaces.  Each 
control-surface  jam  should  be  either  at  the  current  position  of  the 
control  surface  or,  at  the  option  of  the  operator,  in  any  position 
within  the  normal  control-surface  travel.  The  operator  should  be 
able  to  fail  in  each  system,  as  applicable,  control  power  for  each 
mode,  hydraulic  power,  normal  plane  position  indication,  emer¬ 
gency  plane  position  indication,  automatic  emergency  control-sur¬ 
face  mode  switching,  electrical  control  power ;  and  trim/drain 
control. 

(3)  Trim  and  Drain  Systems 

The  trim  end  drain  systems  as  controlled  and  monitored  by  the  BCF 
should  be  operable.  The  pump  rate  will  approximately  correspond 
to  motor  speed  control  and  depth.  The  sharing  of  pump  flow  and 
tank  suction  discharge  lineup  will  be  included. 

The  trainer  operator  will  control  the  portion  of  the  system  not  con¬ 
trolled- from  the  BCP  of  the  ship  simulated.  The  initial  neutral 
bouyancy  and  trim  condition  of  the  ship  should  be  controllable  by 
the  operator.  The  operator  should  be  able  to  fail  the  following: 
pump,  prime  pump,  gallons  pumped  indications,  tank  capacity 
gages,  valve  ccn'rol  switches,  and  the  electrical  power  supply 
to  both  tank  cent  1  switches,  indicator  lights,  and  suction  and 
discharge  valves. 

(4)  MBT  System 

The  individual  and  group  operation  of  the  vent  and  blow  controls  of 
all  the  tanks  in  the  MBT  system  should  be  operable.  Both  high- 
pressyre  and  low  -pressure  blow  controls  on  the  BCP  of  the  simu¬ 
lated  ship  should  be  operable.  During  blowing,  the  pressure  dy¬ 
namics  should  be  realistically  indicated  on  3CP  air  gages. 

Normal,  emergency,  and  manual  emergency  means  of  blowing  the 
MBT* s  ihould  be  operable.  Simulation  of  interlock  circuitry  be¬ 
tween  individual  or  group  tank  controls  should  be  considered.  The 
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capability  to  blow  the  MBT’s  with  the  vents  open  should  be  dimulated. 
The  blew  and  vent  rates  should  include  the  effects  of  depth  on.  the 
center  of  gravity  and  air  pressure  in  individual  MET  tanks.  The 
amount  of  water  in  each  tank  should  shew  expansion  and  contraction 
of  air  retained  in  the  tanks  as  affected  by  depth  and  by  the  center  of 
gravity  of  the  tank.  The  simulation  of  list  control  should  be  con¬ 
sidered. 

Tc<-  operator  should  be  able  to  fail  all  or  group  MET  blow  and  vent. 
The  modes  of  failure  selectable  by  the  operator  should  include 
switches,  hydraulic  power  to  vent  valves,  the  electric  power,  and 
blow  and  vent  valves  in  their  position  at  the  time  of  malfunction  in¬ 
sertion. 

(5)  Othar  Systems 

(a)  Propulsion  System 

The  simulation  of  propulsion-system  effects  should  include  the  en¬ 
gine  order  transmitter  and  a  normal  delayed  answer  on  the  diving 
station.  {A  repeater  might  also  os  provided  for  the  operator. )  The 
speed  should  be  generated  for  each  ‘‘bell’’  corresponding  to  the 
speed-bell  relationship  used,  aboard  the  ship  of  the  trainees.  Simu¬ 
lated  propeller  reversal  also  should  bs  provided.  The  operator 
{programmed  or  manual)  should  be  able  to  fail  either  indicated 
engine-order  response  and  to  vary  thrust  (speed)  from  that  or¬ 
dered  by  the  trainees. 

(b)  Snorkel  System 

BCP  control  and  indications  of  the  snorkel  system  should  be  simu¬ 
lated.  The  operator/trainer  will  provide  simulated  operation  of 
related  equipment,  such  as  the  diesel  engine,  as  required.  Tne 
proper  pressure  dynamic  effects  on  gages  during  all  operations 
and  valve  classing  due  to  sea  state  and  depth  conditions  will  be  pro¬ 
vided.  The  operator  should  be  able  to  fail  the  operation  or  indica¬ 
tion  of  each  status  lamp  provided  on  the  BCP. 

(c)  Missile  Compensation  System 

The  missile  compensation  system  should  be  simulated  at  the  train¬ 
ee's  panel  to  the  extent  that  it  can  be  operated  from  the  BCP.  The 
operator/trainer  will  simulate  missile  fixing  and  be  capable  of  fail¬ 
ing  door  controls  and  introducing  low  air  and  hydraulic  power  to  the 
system. 

(d)  Hydraulic  System 

The  hydraulic  system  should  be  operable  from  the  BCP  as  it  is  on 
an  actual  BCP.  Accumulator  level,  as  affected  by  control-surface 
action,  will  be  shown.  The  operator  should  control  the  simulated 
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hydraulic  system  to  provide  for  loss  of  hydraulic  power  in  various  1 

systems,  failure  of  trainee  controls,  and  failure  of  trainee  indica-  ; 

tions  of  pressures  and/or  levels.  j 

! 

(e)  Electric  Power  ‘ 

Both  60-  and  400 -cps  electric  power  should  be  provided  so  that  the 
effects  of  loss  of  either  or  both  to  the  BCP  or  diving  station  will  be 
contained  in  the  simulation. 

(£}  Air  System 

The  air  system  should  be  trainee  operable  and  should  show  dynamic 
and  static  effects  of  pressure  due  to  capacity  and  use  for  blowing.  $ 

The  initial  conditions  of  pressure  should  be  controllable  by  the  op¬ 
erator.  ! 

(61  Miscellaneous  Equipment  Considerations 

The  bathythermograph  shall  be  operable  with  water  temperature  at 
depth  levels  controllable  by  the  operator. 

\ 

All  the  instruments  of  the  following  types  in  the  simulated  control 
room  should  he  driven  by  computer  outputs:  Shallow  depth,  deep 
depth,  digital  depth,  depth  error,  ship  speed,  ship  heading,  course 
error,  trim  angle,  roll  angle,  ordered  depth  transmitter,  and  or¬ 
dered  course  transmitter.  The  on-off  valves  for  depth  gages  will 
be  provided. 

The  pitch  and  roll  motion  of  the  simulated  3hip  will  be  provided  to 
the  ship-control  platform.  The  pitch  and  roll  will  be  mechanically 
limited  to  ±  45  and  ±  30  deg,  respectively,  while  the  platform  will 
display  normal  limiting  action  after  reaching  limits  of  ±  40  and  ±  25 
deg,  respectively.  Maximum  safety  to  personnel,  both  on  and  around 
the  platform,must  be  provided. 

The  AN/WIC,  wound  powered  phone  and  alarm  systems,  should  be 
provided.  Those  alarms  that  are  part  of  the  1  MC  will  be  provided. 

c.  Submarine  Hydrodynamic  Simulation 

The  submarine  motion  should  be  simulated  by  the  solution  of  a  com¬ 
plete  six-degree -of -freedom  mathematical-model  representation. 

The  hydrodynamic  coefficients  used  in  the  mathematical  model  should 
be  derived  from  design  data,  model  data,  and  shipboard  test  data. 

If  the  latter  two  types  of  data  are  not  available  during  the  design 
phase  of  the  trainer,  the  hydrodynamic  coefficients  should  be  de¬ 
rived  and/or  assumed  from  design  data  and  then  updated  as  the 
latter  two  data  become  available. 

The  ranges  of  fee  variables  provided  in  the  mathematical  model  will 
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be  as  great  as  those  attainable  on  the  ship  being  simulated.  These 
variables  are  the  linear  accelerations  and  velocities  and  the  angular 
accelerations,  velocities,  and  displacements.  The  depth  will  be 
sealed  to  go  down  tc  collapse  depth  and  both  pitch  and  roll  angles 
will  be  scaled  to  ±  60  deg. 

The  minimal  content  of  the  mathematical  model  will  include: 

1.  Moment  equation  damping 

2.  Deceleration  due  to  displacement  of  each  of  the 
control  surfaces 

3.  Discrete  changes  in  accelerations  due  to  coeffi¬ 
cient  changes  for  transition  from  fully  surfaced 
to  submergences,  and  vice-versa 

4.  Forward  speed  only 

5.  Weight  and  moment  computations,  assuming 
weight  moment  arms  are  constant  or  meas¬ 
ured  from  the  overall-ship  center  of  gravity 
to  individual-weight  center  of  gravity 

The  coefficients,  having  surfaced  and  submerged  values,  should  be 
changed  discretely  at  applicable  depths.  The  moment  arms  for  each 
tank  and  the  product  of  the  amount  of  water  times  the  moment  arms 
for  each  tank  will  be  simulated  in  the  hydrodynamic  portion  of  the 
computer  complex. 

The  device  should  demonstrate  recoverability  effects  of  flooding, 
jamming,  and  combined  flooding  and  jamming  casualties  as  derived 
from  ship  or  class  recoverability  study  data.  The  simulated  effects 
should  produce  trajectories  to  within  five  percent  of  the  recover¬ 
ability  study  data. 

Sea-state  controls  will  be  operator  controllable  ever  a  range  of  0  to 

10. 

Depth  should  be  based  on  distance  from  the  surface  to  tho  fixed  cen¬ 
ter  of  gravity  cf  the  submerged  submarine.  The  surfaced  condition 
should  represent  the  keel  depth  corresponding  to  the  condition  of 
trim  control  equal  to  zero  and  all  main,  variable,  and  special  bal¬ 
last  tanks  empty.  However,  all  indicator  depths  will  reflect  keel 
depth  below  the  surface. 

Flooding  should  be  operator  controlled  as  Co  rates  and  location. 
Rates  to  be  simulated  should  simulate  a  pipe  shear  of  the  sixes  of 
hull  openings  found  in  the  type  of  ship  simulated;  for  example,  in 
Appendix  D,  casualty  class  IX  3.  The  flooding  location  (compart¬ 
ment)  will  be  selectable  by  the  operator.  The  floodabie  volume  of 
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each  compartment  will  be  considered  a  cylinder  witn  free  surface 
effects  approximated.  The  rate  of  flooding  will  reflect  depth,  and 
effects  will  be  demonstrated  relative  to  the  center  of  gravity  of  the 
flooded  compartment.  Time  to  secure  flooding  will  be  continuously 
variable,  controlled  at  the  option  of  the  operator/instructor  to  re¬ 
flect  immediate  isolation  or  continuous  flooding. 

d.  Equipment 

The  controls  and  indications  provided  on  the  trainer  platform  can 
be  simulated  and  need  not  be  actual  equipment,  but  should  appear 
realistic.  Those  activated  must  show  proper  dynamic  responses. 
The  indicators  n«?t  activated  dynamically  should  show  normal  indi¬ 
cation. 

The  recommended  scoring/feedback  system  will  consist  of  a  closed- 
loop  television  system,  analog  recorders,  and  events  counters.  If 
feasible,  the  recording  equipment  may  be  combined.  The  television 
system  will  employ  recording  and  playback  features. 

All  the  malfunctions  aid  casualties  recommended  earlier  in  Item  4 
of  this  appendix  should  be  evaluated  to  determine  those  for  which  one 
method  of  inserting  failures  can  be  used. 

The  selection  of  computer,  logic,  and  input/output  equipment  should 
include  consideration  of  cost  and  flexibility,  that  is,  the  method  and 
time  to  change  from  class  to  class  of  ship. 

The  simulation  of  collision  impact  effects  should  be  considered  for 
further  study.  Simulation  may  involve  the  forces  and  moments  pro¬ 
duced  by  the  colliding  body  parameters  at  the  time  of  impact.  The 
forces  and  moment  effects  would  be  simple  and  may  be  limited  to 
effects  on  axial  velocity,  pitch  moment,  and  roll  moment.  The  pa¬ 
rameters  of  the  colliding  bodies  considered  should  be  mass,  angle 
of  attack,  and  speed.  The  collision  should  be  assumed  to  take  place 
with  a  surface  ship  or  a  submerged  submarine.  Mass  and  speed 
would  vary  to  include  representation  of  ships  both  smaller  and 
larger  than  the  submarine  simulated  and  of  ships  traveling  both 
slower  and  faster  than  the  simulated  submarine. 
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T RAINING  METHODS  ANALYSIS 


The  functional  training  units  (FTU's)  of  the  training  methods  analysis 
(Section  IV,  Subsection  Four,  of  this  report)  are  presented  herein.  For 
each  FTU,  a  matrix  scheme  (Tables  G-I  through  G-VU)  was  applied  to 
determine  the  best  training  approach,  at  the  various  training  levels, 
for  each  training  requirement;  The  numbers  in  each  block  of  the  ma¬ 
trix  refer  to  the  numbers  assigned  to  the  training  requirements  for  re¬ 
spective  FTU*s  in  Table  I.  The  letter  associated  with  each  require¬ 
ment  represents  a  judgment  of  the  effectiveness  of  the  training  approach 
in  satisfying  the  requirement.  By  the  letter  rating  scheme,  aaK  indi¬ 
cates  the  preferred  method,  and  *b,s  nc.  “  :<dft  indicate  second  best, 
third  best,  and  supplemental  method,  respectively. 

The  seven  matrices  (tables)  present  a  summary  of  the  training  methods 
analysis  and  provide  a  cross  referencing  scheme  by  means  of  which  die 
inquisitive  reader  can  relate  the  results  of  the  training  requirements 
analysis,  the  general  subsection  of  training  methods,  and  the  training 
approaches  identified  for  each  of  the  functional  training  units  is.  Section 
IV,  Subsection.  Four,  Items  4  through  10. 
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ADCP 

Aft  damage  control  party 

AMC 

Automatic  maneuvering  control 

AMR 

Auxiliary  macliliiei'y  room 

AMRLL 

Auxiliary  machinery  room  lower  level 

AMRUL 

Auxiliary  machinery  room  upper  level 

AMS 

Auxiliary  machinery  space 

ASW 

Auxiliary  saltwater  system 

AUW 

Advanced  underwater  weapons 

BCP 

Ballast  control  panel 

BCFO 

Ballast  control  panel  operator 

EuPers 

Bureau  of  Personnel 

BuShips 

Bureau  of  Ships 

CIP 

Combined  instrument  panel 

CO 

Commanding  Officer 

C-OMSUBLANT 

Commander,  Submarine  Force,  U.S.  Atlantic  Fleet 

COMSUBPAC 

Commander,  Submarine  Force,  U.S.  Pacific  Fleet 

COW 

Chief  of  the  watch 

CPO 

Chief  petty  officer 

DCA 

Damage  control  assistant 

DO 

Diving  officer 

DOOW 

Diving  officer  of  the  watch 

EBS 

Emergency  breathing  system 

EOOW 

Engineer  officer  of  the  watch  * 

EPCPO 

Electric  plant  control  panel  operator 

Electric  propulsion  motor 
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SSMG 

Ships  service  motor  generator 

SSN 

Attack  type  nuclear  submarine 

SSTG 

Ships  service  turbine  generator 

SUBSAFCEN 

Submarine  safety  center 

USNTDC 

U.S.  Naval  Training  Device  Center 

VBT 

Variable  ballast  tank 

XO 

Executive  officer 

UNCLASSIFIED 


Security  CI««iification 


DOCUMENT  CONTROL  DATA  .  R  &  0 

■Srittnty  tlaialflc  ation  of  tltla,  body  of  ab*trnr  f  and  tndrninfi  Annotation  im*»f  he  an  farad  whan  the  ora  tall  report  la  rlaaaffiad) 


ommnatjnc  activity  (Corporate  author)  j*«.  «c^o«r  ^rcu»«Tr  CL  ASiiric  a  tion 

U.  S.  Navel  Training  Device  Center  I  U KCLASS IF' LED 

Orlando  Detachment 
Orlando,  Florida 


J2I>.  CROUP 


J  HfPOKT  HTLE 


Study  of  Submarine  Casualty  Control  Training 


4  oEJCRfPTn/E  NOTH  (Typa  of  raport  and  Inc  fua  I  re  data  a) 


Finel  -  Report 


1966 


*5  aij  THOPHi  (Flral  arena,  middle  Initial,  laat  nama) 


Goodyear  Aerospace  Corporation 


0  REPOR T  DA  TC 


7a.  TOTAL  NO.  Of  PACES  I  7t.  NO.  OP  RETS 


March  1966 


•«.  CONTRACT  ON  <S#*ANT  NO 

b.  PHOJCCTNO  7876-2 


OHlOINA  TON'T  NtPONT  NUMSfrfttS) 


Technical  Report  -  NAVTRADEVC2M 

1613-1 


9b.  otHER  REPORT  nois)  (Any  other  numbara  that  may  be  memlpna^ 
thla  report ) 


10.  DHTRieuTioN  statement  This  document  is  subject  to  special  export  controls  and  each 
transmittal  to  Foreign  Governments  or  Foreign  Nationals  may  be  made  only  with  prior 
approval  of  U.S.  Naval  Training  Device  Center. 


12.  SPONSORING  MILITARY  ACTtV'fY 


U.  S.  Navel  Training  Device  Center 
Orlando,  Florida 


'*  *°*T"*CT  The  study  confirmed  previous  research  and  opinions  that  plane  failures  and 
flooding  are  the  itioe>;,  critical  of  the  casualties  to  be  trained.  Critical  factors  for 


recovery  and  skill  behaviours  to  be  trained  were  identified.  These  factors  (1)  empha¬ 
sise  immediate  detection  and  automatised  (immediate)  emergency  response;  add  as  critical 
requirements  for  team  training,  Judgments  by  the  Officer  of  the  Deck  (COD)  end  the  up¬ 
grading  of  enlisted  men  to  stand  Diving  Officer  (DO)  and  Bsllast  Control  Panel  (5CP) 
Watches;  (3)  emphasize  the  need  for  programs  of  standardized  alternate  recovery  actions 
end  guidelines  related  to  depth  end  speed  bands;  and  (I4)  emphasize  the  need  for  adjust¬ 
ment  of  recovery  action  to  operational  requirements,  such  as  the  tactical  situation  and 
concealment  by  noiseless  submerged  running,  for  as  long  as  possible. 


The  recommendations  include  characteristics  of  high-fidelity  dynamic  ship 
control  trainers  for  SSN's  and  SSBTT's,  respectively;  r  flooding  demonstration  trainer; 
a  conrnrunicetions  trainer;  and  a  BCP  emergency  procedures  trainer.  The  recommendation* 
also  include  the  use  of  basic  generalized  dynamic  ship  control  trainers  (for  example. 
Device  21B5>6A),  a  training  course  fflr  upgrading  nonline  officers  and  enlisted  men  to 
stand  the  DO  watch,  the  establishment  of  standardized  casualty  recovery  procedures  and 
guidelines  (including  standardized  flooding  classification  and  reaction),  the  develop¬ 
ment  of  recoverability  data  for  less  than  '»worst  case"  casualites,  and  an  additional 
study  effort  on  damage  control  training  approaches. 
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